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Abstract 
Stem end rot is a well-established postharvest disease of mango caused by the fungi 
Neofusicoccum parvum (Pennycook & Samuels) Crous, Slippers and A.J.L. Phillips and 
Lasiodiplodia theobromae (Pat.) Griff & Maubl. Dendritic spot is a newly emerging disease 
of mango. The pathogenic fungi which cause anthracnose and stem end rot such as 
Colletotrichum gloeosporioides (Penz.) Penz & Sacc. in Penz and N. parvum respectively 
also cause dendritic spot of mango. However, a number of other fungi such as Fusicoccum 
sp., Alternaria sp. and Lasiodiplodia theobromae have also been isolated from dendritic spot 
symptoms from time to time. Very little work has been reported on dendritic spot as the 
symptoms of this disease are easily confused with other skin blemishes of mango such as tear 
stain. This study investigates the aetiology of dendritic spot.  
Fruit bagging experiments were carried out on Kensington Pride (KP) and R2E2 cultivars of 
mango to investigate the time of infection of dendritic spot and stem end rot. The fruit were 
bagged at four different growth stages. The results showed that fruit bagged at golf ball size 
which remained bagged until harvest had low incidence of dendritic spot and stem end rot. 
Higher incidence was observed in the fruit which were bagged close to harvest and the un-
bagged control fruit. It was concluded from the results that pathogens invade the fruit at an 
early growth stage and fruit protection at this stage of growth can help in minimizing 
postharvest disease incidence.   
The effect of conventional and improved orchard practices on the management of 
anthracnose and stem end rot was also studied. The experiment was carried out in Pakistan. 
Three districts of Punjab province of Pakistan were selected for the study. The fruit of 
Chaunsa cultivar of mango were collected from growers‟ conventional practice blocks and 
ASLP (Agriculture Sector Linkages Program) improved practice blocks. In the conventional 
practice blocks, there was irregular application of foliar and pesticides sprays, non-consistent 
use of fertilizers with a minimum use of cultural practices such as irrigation, pruning, 
weeding and soil nutrition analysis, use of recommended foliar sprays of fungicides for 
disease management at different fruit growth stages, pest management and nutrient 
management by annual application of NPK. Whereas, the improved practice blocks were 
maintained by cultural practices. A low incidence of anthracnose and stem end rot was 
observed in the fruit which was collected from the ASLP improved practice blocks as 
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compared to the incidence observed in the fruit collected from the conventional practices 
blocks.  
Postharvest application of exogenous ethylene on mature fruit to induce uniform skin colour 
and ripening and hot fungicide dips to minimize postharvest disease incidence are common 
practices used by Australian mango growers. Early fruit ripening facilitated by exogenous 
ethylene is helpful in early fruit marketability, but it can result in higher disease incidence in 
case of prolonged fruit storage or higher fruit storage temperature. The effect of exogenous 
ethylene and hot fungicide dip with fludioxonil was investigated when both treatments were 
applied on the fruit alone and in combination with each other.  The results showed that the 
application of exogenous ethylene alone caused higher incidence of dendritic spot and stem 
end rot when the fruit received frequent rainfall during the growing season. This higher 
incidence of both dendritic spot and stem end rot could also be because of accelerated fruit 
ripening and decline in fruit resistance.  But, when low or no rainfall was received during the 
season, a low incidence of dendritic spot and stem end rot was observed when the exogenous 
ethylene was applied on the mature fruit. Fruit hot-dipped in the fungicide fludioxonil 
followed by the exogenous ethylene had zero to minimum incidence of both dendritic spot 
and stem end rot. 
Market surveys were carried out to determine the geographical distribution of the dendritic 
spot pathogens and to collect the dendritic spot and stem end rot pathogens. Disease 
pathogens were isolated from fruit from Northern Territory, North and Southeast Queensland. 
All isolates of Colletotrichum collected from anthracnose were identified morphologically 
and phylogenetically as C. gloeosporioides but the isolates which were collected from the 
dendritic spot symptoms were identified by Internal Transcribed Spacer (ITS) and Trans 
elongation Factor (TEF) 1- α as, C. gloeosporioides, C. siamense, and C. asianum.  All the 
Neofusicoccum isolates collected from dendritic spot and stem end rot symptoms were 
identified as N. parvum and N. occulatum by using the ITS and TEF gene regions. One 
isolate of stem end rot was identified as Botryosphaeria dothidea. To determine the role of C. 
gloeosporioides, N. parvum, L. theobromae and Alternaria sp. in causing dendritic spot in 
mango, the isolates of these fungi were assessed for pathogenicity. This work identified C. 
siamense, C. asianum, N. parvum and N. occulatum as the most virulent pathogens causing 
dendritic spot. 
Keywords: Dendritic spot, stem end rot, field biology, pre and postharvest treatments. 
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Chapter 1: General Introduction 
1.1 Importance of mango 
Mango (Mangifera indica L.) is an important member of the family Anacardiaceae and is one 
of the major tropical and sub-tropical fruits grown in Australia along with avocados, banana, 
citrus and macadamia (AuSHS 2011). Its origin can be traced to India and Southeast Asia. It 
is however grown throughout most tropical and subtropical regions including Spain, Florida, 
North Africa, South America, Israel and South Africa. The main producing countries are 
India, China, Mexico, Thailand, Pakistan and the Philippines, accounting for approximately 
80% of the world‟s production. India, the largest producer, alone accounts for about 40% of 
total world production (FAO, 2013; Rosalin & Vinayagamoorthy, 2014). Australia is only a 
minor producer of mango, however mango is an important horticultural commodity. The 
contribution of Australian mango in world production was 36,000 tons during 2011 (FAO, 
2013). The majority of Australian mango production supplies the domestic market and a small 
portion of it is exported to other countries, accounting for 4.3% of the world production 
(Keogh et al. 2006). The Australian mango industry is dominated by Queensland which 
contributes 80% of the total mango production in Australia ( Australian Bureau of Statistics, 
2012). 
 
1.2 Main production regions in Australia 
The following are the main regions of mango production in Australia: 
a. Queensland – Burdekin (Ayr, Bowen), Mareeba and Bundaberg/ Childers regions 
b. Northern Territory - Katherine and Darwin 
c. New South Wales - northern New South Wales 
d. Western Australia - north western parts around Broome and the Kununurra region. 
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Fig. 1.1: Mango production regions in Australia represented by black shading. 
 
1.3 Mango cultivars grown in Australia 
1.3.1 Kensington Pride 
“Kensington Pride” (KP) is the most popular cultivar of mango in Australia and accounts for 
approximately 80% of total production (Johnson 1993). This cultivar first arose in an orchard 
in Bowen, North Queensland from the seed provided by harbour-master, George Sandrock 
between 1885 and 1889. The seed were grown by William Lott, and the seed from the best trees 
were collected by his son Harry who planted them on his own property `Kensington', after which 
the cultivar is named (Johnson, 1993). The variety is also simply known as “Bowen mango”, 
“Bowen special” or “Kensington”. The major areas of “KP” production are:  Bowen and Ayr 
in the Burdekin region of North Queensland, Atherton Tablelands (Mareeba/Dimbula, North 
Queensland), Bundaberg and Gin Gin (Southeast Queensland), northern New South Wales, 
Darwin and Katherine in the Northern Territory and Kununurra and Carnarvon in Western 
Australia. The medium sized ovate fruit has medium fibred flesh with a sweet and tangy 
flavour. The fruit is available from October through to February of each production season 
(Bally 2006a). 
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1.3.2 R2E2 
“R2E2” accounts for approximately 10% of mango production in Australia. Grafting is 
necessary to get “true to type” fruit. The fruit matures two to four weeks after “KP” is ovate 
with a weight of approximately 600g to 1kg and has a long shelf life. The mature fruit is 
yellow coloured with a prominent red blush having firm and low fibred flesh. The fruit is 
available from November to February in a typical production season (Bally 2006 b). 
The other mango cultivars which contribute the remaining 10% of total mango production in 
Australia include “Calypso”, “Honey Gold”, “Keitt”, “Brooks” and “Palmer”.  
1.3.3 Calypso 
This cultivar was developed in Childers, Southeast Queensland and is also known as “B74”.  
This cultivar was developed from a cross between “KP” and “Sensation”. The fruit appear in 
panicles (normally 2 – 4 fruit in a bunch) and attain maturity mid to late season. The fruit is 
ovate with red and yellow skin and firm flesh when ripe and the flesh is low fibred with pale 
yellow colour. The fruit is prone to sap burn and skin browning because of sap exudation at 
the time of harvest (Whiley 2001). Out of total mango production, 5 - 10% is comprised of 
Calypso and Honey gold (Akem et al. 2010b).   
1.3.4 Honey Gold  
“Honey Gold” was developed in Rockhampton, Central Queensland Australia and is a result 
of cross pollination of “KP” with an unknown cultivar. The waxy skin of ripe fruit is of bright 
orange to yellow colour. The fruit has firm and very juicy flesh of fine texture which is low 
fibred. Ripe fruit of Honey Gold is rich flavoured and aromatic. The flavour becomes sweeter 
when the skin develops an apricot colour (Sammon & Macleod 1999).  
 
1.4 Importance of study 
The major research questions for the present study are which pathogens are responsible for 
causing dendritic spot, and what are the pre and postharvest condition which favour the 
occurrence of dendritic spot in mango. The conditions that favour the growth of the crop in 
these environments also favour the development and spread of field and postharvest diseases. 
Anthracnose caused by Colletotrichum gloeosporioides, dendritic spot caused by 
Neofusicoccum spp., Fusicoccum spp. and C. gloeosporioides and stem end rot caused by 
Neofusicoccum spp., Fusicoccum spp. and Lasiodiplodia theobromae, (Coates et al. 2009) are 
among the major postharvest diseases of mango in Australia. These postharvest diseases 
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affect the yield and quality of mango fruit and also cause reduction in fruit marketability 
resulting in severe losses to the economy (Gonzalez-Aguilar et al. 2007). Different 
management practices are being implemented for the control of these postharvest diseases to 
reduce associated yield losses. The most prominent is the use of fungicides either as field 
sprays or as postharvest dips (Dodd et al. 1991; Akem et al. 2010a). They play a critical role 
in keeping these diseases under control but have some limitations that necessitate the need for 
other alternative strategies in integrated management approaches (Lopez-Estrada et al. 2005). 
The use of general orchard hygiene following pruning of trees and the treatment of wounds 
created from pruning can give long terms reduction of the incidence of some of these 
diseases. Resistant cultivars, where available, can also be the backbone of any integrated 
management approach. In addition to the above strategies, the application of optimum 
amounts of nutrients, especially calcium and potassium to mango trees followed by minimum 
amounts of nitrogen can also contribute to good disease management. The overriding strategy 
that growers rely on for the management of these diseases under field conditions is regular 
sprays with protectant fungicides, especially copper based ones, mancozeb, and some curative 
fungicides such as prochloraz and azoxystrobin (Scott et al. 1982; Prusky et al. 1999; Swart 
et al. 2002). Postharvest treatment of fruit with hot water and carbendazim at 52
o
C for 5 
minutes accompanied with prochloraz treatment is also being used and has been helpful in the 
management of postharvest losses from disease infections (Johnson 2008). This strategy may 
not be sustainable and so other methods need to be continuously explored to improve on the 
management of these diseases. To explore these other strategies, a good understanding of the 
epidemiology of each of the diseases is essential. 
During the last twenty years, dendritic spot has emerged as a postharvest problem of mango 
as well as anthracnose and stem end rot. It is a sporadic disease and occurs at irregular 
intervals. Very little information is available about this disease and it is believed that the 
pathogens which cause anthracnose and stem end rot of mango are also responsible for the 
incidence or occurrence of this disease (Cooke & Akem, 2007). The epidemiology of 
dendritic spot and the nature is not known. This postharvest disease of mango is only reported 
from Australia among all the mango growing countries. 
In order to improve the field management of these diseases, especially dendritic spot, about 
which little is known, and stem end rot on which our general knowledge is still limited, there 
is need to understand more about the causal agent/s and conditions that favour the 
development and spread of these diseases. Of particular importance is an understanding of the 
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different environmental and postharvest factors associated with mango production that can 
favour dendritic spot disease initiation and spread which may also help define the disease 
cycle and infection process. 
1.5 Aims of research 
The main aim of this study is therefore to investigate the etiology of dendritic spot as well as 
stem end rot, and the phylogenetic relationship of the disease causing pathogen(s). The study 
was conducted with the following four objectives: 
1. To study the etiology of dendritic spot and stem end rot of mango. 
2. To investigate the pre and postharvest factors that favours the development of 
dendritic spot and stem end rot on mango.  
3. To study the role of different pathogen/s in the development of dendritic spot and 
stem end rot. 
4. To characterize the morphology and phylogeny causing of the pathogen/s causing 
dendritic spot and stem end rot. 
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Chapter 2: Literature Review 
 
2.1 Pre-harvest diseases of mango 
Field and postharvest diseases of mango are a major concern of the mango industry all over 
the world. The crop is affected by a number of pre and postharvest diseases causing reduction 
in crop yield and fruit quality. A list of preharvest diseases and their causal pathogens 
affecting mango is described in Table 2.1 
Table 2.1: Preharvest diseases of mango and their causal organisms 
Disease  Causal organism  Reported by (Author) 
 
Apical bud necrosis Pseudomonas syringae pv. syringae Cazorla et al. 1998, Golzar & 
Cother 2008 
Bacterial black spot Xanthomonas campestris pv. 
mangiferaeindiace 
Prusky et al.1999, Gagnevin 
& Pruvost 2001 
Mango malformation Fusarium mangiferae Iqbal et al. 2011 
Powdery mildew Oidium mangiferae Nofal & Haggag 2006 
Mango scab Elsinoe mangiferae Alcorn et al. 1999 
Mango sudden death 
syndrome 
Ceratocystis fimbriata Al Adawi et al. 2006 
Anthracnose  Colletotrichum gloeosporioides Mc. Millan, Jr 1984 
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2.2 Postharvest diseases of mango 
Postharvest diseases of mango are described in Table 2.2. 
Table 2.2: Postharvest diseases of mango and their causal organisms 
Disease  Causal organism  Reference 
 
Anthracnose  Colletotrichum gloeosporioides Mc. Millan, Jr 1984 
Stem end rot Fusicoccum sp., Neofusicoccum spp. 
and Lasiodiplodia theobromae 
Sangchote 1987, Johnson et 
al. 1989a, Johnson et al. 
1991b 
Dendritic spot Fusicoccum sp., Neofusicoccum spp. 
and C. gloeosporioides 
Cooke & Akem 2007 
Aspergillus fruit rot Aspergillus spp. Sangchote 1987, Johnson & 
Coates 1993 
Alternaria rot Alternaria alternata Prusky et al. 1997 
Guignardia spots Guignardia spp. McMillan, Jr 1986  
 
 
2.3 Anthracnose 
Anthracnose is one of the most serious postharvest diseases of mango in Australia and in all 
the mango growing countries of the world. The disease causes damage to mango fruit under 
both pre and postharvest conditions. In the field, it causes major yield losses by attacking the 
flower and fruit, as well as major losses after harvest by infecting the mature, ripe fruit under 
storage conditions. Infections by Colletotrichum gloeosporioides can remain quiescent in the 
outer layers of fruit skin until ripening, at which time infections resume activity resulting in 
symptom development (Dodd et al. 1991; Koomen & Jeffries 1993).  
2.3.1 Causal agents of anthracnose 
The fungus C. gloeosporioides (Penz.) Penz. & Sacc is the major causal agent of mango 
anthracnose in almost all the mango growing countries of the world including Australia 
(Sangchote 1989; Dodd et al. 1991; Johnson & Coates 1993; Akem 2006; Awa et al. 2012; 
Naqvi et al. 2014). C. gloeosporioides was believed to be a common pathogen in the tropics 
with a very wide host range including avocado, citrus, mango, coffee, papaya and members of 
the Proteaceae family. (Dodd et al. 1991; Alahakoon et al. 1994; Estrada et al. 2000; Silva et 
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al. 2012; Liu et al. 2013).  C. acutatum has also been recognized as a causal agent of 
anthracnose in mango (Johnson & Coates 1993; Hayden et al. 1994; de Souza et al. 2013). 
A recent study carried out by Phoulivong et al. (2010) confirmed the presence of some other 
fungal species in the “gloeosporioides” complex responsible for fruit rots in a number of 
tropical fruits.   Earlier studies were mostly based on either morphological identification of 
the fungus or on gene sequencing data, and the isolates were compared with wrongly applied 
names. C. gloeosporioides has been epitypified and the living culture and gene sequence data 
is now available for the comparison of new collections. The sequence data of 25 isolates 
obtained from a number of species of tropical fruits including banana, chili, guava, jujube, 
longan, mango, papaya and rose apple was compared with the epitype of C. gloeosporioides 
and it was observed that none of them were C. gloeosporioides.   The five gene regions used 
in the study revealed the presence of C. asianum, C. fructicola, C. horii, C.  kahawae and C. 
gloeosporioides in the “gloeosporioides” complex having distinct phylogenetic lineages with 
strong statistical support. The study also confirmed that the cultural, conidial and appressorial 
characters of the fungi can be helpful in differentiating taxa in species complex but cannot 
help to differentiate species within a complex.  
2.3.2 Symptoms of anthracnose on flowers and young fruit 
The symptoms of anthracnose can develop on leaves, flowers and fruit of mango. Infected 
leaves show irregularly shaped black necrotic spots which are visible on both sides of leaves. 
Large necrotic areas result when a number of small lesions coalesce. Severely infected leaves 
may curl and conidial masses may be observed in the centre of lesions. Postharvest symptoms 
of anthracnose appear on fruit as circular brown to black lesions which expand as fruit ripens. 
In advanced stages of symptom development, salmon pink conidial masses may be observed 
in the centre of lesions particularly under conditions of high humidity (Dodd et al. 1991; 
Akem, 2006; Abd-AllA & Haggag 2013; de Souza et al. 2013; Mabbett, 2014). 
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Fig. 2.1:   Mango fruit showing anthracnose. 
 
2.3.3  Infection and spread 
Waterborne primary inoculum survives in the tree canopy on dead twigs, leaves, floral 
remnants and mummified fruit (Arauz 2000). Conidia are spread throughout the canopy by 
rain splash. Showery weather during flowering promotes the dispersal of conidia to floral 
panicles resulting in the development of blossom blight and poor fruit set (Dodd et al. 1991; 
Johnson & Coates 1993; Koomen & Jeffries 1993; Perez-Quintanilla et al. 2013; Mabbett, 
2014). Infection on fruit occurs under favourable conditions of temperature and surface 
wetness, whereby conidia adhering to the fruit surface germinate to produce an appressorium 
and infection peg. This germinated appressorium remains quiescent until fruit ripening, at 
which stage activity resumes and the fruit tissue is colonized by the fungus. In advanced 
stages of lesion development, acervuli are produced (Johnson & Coates 1993).  
2.3.4  Management of anthracnose 
The control of anthracnose under postharvest conditions can be achieved by controlling the 
disease in the field and after harvest. The combination of these two approaches can be helpful 
to minimize the postharvest losses of fruit by anthracnose. Field management strategies 
include selecting resistant varieties, cultural and chemical (fungicidal) control, whereas 
postharvest control can be achieved by using hot water treatment of fruit, postharvest 
fungicidal dips and sprays (heated or unheated), controlled ripening using ethylene and cool/ 
controlled atmosphere storage to delay the fruit ripening (Johnson et al. 1988; Arauz 2000; 
Akem 2006; Diedhiou et al. 2014; Naqvi et al. 2014). 
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2.4  Stem end rot 
The disease is named “stem end rot” because lesions start appearing at the pedicel end of the 
fruit during ripening and storage. The disease is a serious threat for the mango industry 
because it is difficult to control (de Oliveira Costa et al. 2010). It is more prevalent in fruit 
harvested from older trees (Coates et al. 2009). 
2.4.1 Causal agents of stem end rot 
Various anamorphic fungi with teleomorphs in the Botryosphaeriaceae family are known to 
be important causal agents of stem end rot in mango. The predominant pathogens causing this 
disease are Neofusicoccum parvum (formerly known as Dothiorella domanicana), N. 
mangiferae (formerly known as D. mangiferae), Lasiodiplodia theobromae, Phomopsis 
mangiferae, Pestalotiopsis sp. and Cytosphaera mangiferae (Muller & Burt 1989; Johnson 
1991; Johnson et al. 1991, Johnson, 1992; Ko et al. 2009; Takushi et al. 2013, Hong et al. 
2012; Karunanayake et al. 2014). 
The relative importance of these different fungi in causing mango stem end rot influenced by 
prevailing climatic conditions in the location where trees are grown.  Although 
Neofusicoccum spp. are the most commonly encountered causal agents of mango stem end rot 
in most growing regions of Australia, L. theobromae predominates in the more tropical 
growing regions such as Darwin and Katherine in the Northern Territory (Johnson 1991). 
Globally, L. theobromae is more widely encountered than Neofusicoccum spp., which 
probably reflects the fact that the major producing countries are in the warmer tropical 
regions.    
Johnson (2008) reported that C. gloeosporioides, the anthracnose pathogen, is also capable of 
producing symptoms at the stem end of fruit. It was suggested that, this disease be referred to 
as “stem end anthracnose” rather than stem end rot. Maqsood et al. (2014) found C. 
gloeosporioides, L. theobromae, Alternaria alternata and D. domanicana associated with 
stem end rot in Sindhri cultivar in Pakistan while Phomopsis mangiferae and B. theobromae 
were isolated from fruit of Fajri and Chaunsa cultivars. Morphological and taxonomic 
characterization of the Botryosphaeriaceae fungi affecting mango is discussed later in this 
literature review. 
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2.4.2 Symptoms of stem end rot 
Ripe mango fruit show varying symptoms of stem end rot as various pathogens can cause this 
disease. A common symptom of the disease caused by Dothiorella (Neofusicoccum) spp. and 
L. theobromae is a rapid fruit decay which accelerates from the pedicel during fruit ripening 
and proceeds to the fruit pulp, affecting a large area by watery necrosis which mostly results 
in the total decay of fruit. The symptoms start appearing as water soaked diffuse lesions 
emerging from the stem end and quickly become dark coloured. The infection spreads all over 
the fruit surface within 7 days of storage at 25
o
C. A soft decay starts on fruit which is brown 
in colour (Johnson et al. 1989a).Similar symptoms of stem end rot were observed by Syed et 
al. (2014) when healthy fruit of Sindhri cultivar were inoculated with L. theobromae. 
Dark coloured spots with prominent edges appear on the fruit epidermis near the stem end (de 
Oliveira Costa et al. 2010). A dark brown coloured liquid oozes out from the split fruit 
surface resulting from infection. The fruit may be covered by the grey coloured mycelium of 
the fungus (Coates et al. 2009).  
The fungus Fusicoccum parvum caused dieback on mango trees in Brazil resulting in dead 
twigs and branches. The infection caused elongated lesions of dark colour on the peduncle 
and is responsible for the early fruit maturity. The symptoms of stem end rot become 
prominent at advanced stages of infection (Javier-Alva et al. 2009). 
 
Fig. 2.2:    Mango stem end rot symptom. 
2.4.3 Infection and spread 
Stem end rot causing fungi are isolated from almost all healthy parts of mango trees and 
become virulent to cause disease under stress conditions (Slippers et al. 2005). These 
endophytic fungi remain quiescent in the tree peduncle until harvest and cause quiescent 
infection by endophytic hyphal growth at a reasonable time before harvest. The inoculum can 
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also be of soil origin. Waterborne inoculum may result in tear stain infection and lesions on 
the base of the fruit. The sexual and asexual spores of the fungi are harboured within the dead 
twigs and branches of mango trees in the field (Johnson et al. 1991; Johnson 1992; Johnson & 
Coates 1993; Ramos et al. 1997).  
2.4.4 Pathogen invasion through pedicel 
The histopathology of mango fruit artificially inoculated by the fungus Diplodia natalensis 
(synonym of L. theobromae) was studied by Halos and Divinagracia (1970). It was observed 
that the fungus entered through the healthy cuticle of the pedicel and the cuticle of lenticels 
and pericarp. The exposed and injured surfaces of the pedicel and exocarp were also entry 
points for the fungus. The pathogens invaded almost all the tissues of pedicel, exocarp and 
mesocarp causing the death of host tissues with hyphal development. Mature mango fruit 
started showing symptoms of stem end rot after 48 hours of inoculation while green fruit 
started showing symptoms after 96 hours.  
Johnson et al. (1991b) found enhanced recovery of different fungi including Alternaria 
alternata, D. dominicana, D. mangiferae, Epicoccum purpurascens and Pestalotiopsis sp. 
after the flower senescence and formation of mango fruit, recovery from the fruit – pedicel 
zone. Early fruit fall during the three weeks after flowering resulted in fewer incidences of D. 
dominicana and D. mangiferae associated with fruit pedicel connective tissue which 
suggested that the role of these fungi is in fruitlet abortion. Their detection level remained low 
until six weeks after flowering and after that increased incidence was noticed. The incidence 
of Dothiorella spp. isolated from fruit pedicel connective tissue was similar to the incidence 
of the same spp. causing stem end rot in ripe mango fruit after harvest. Contrary to this, the 
frequency of Dothiorella spp. detection was higher 11 weeks after flowering at the time when 
stem end rot levels developing in fruit was already equivalent to that recorded in harvested 
fruit after 16 weeks.  The study showed that the colonization in fruit and fruit pedicel 
connective tissue may be increased due to the endophytic presence of Dothiorella spp. in the 
peduncle.  
Johnson et al. (1993) found that mango fruit exposed to soil borne inoculum showed higher 
levels of stem end rot than fruit exposed to air borne inoculum. L. theobromae can invade the 
cut end of the peduncle if it is in contact with soil during desapping of fruit. The disease 
symptoms developed earlier in the fruit desapped on soil which was infected by soil borne 
inoculum of L. theobromae. The desapped mangoes after harvest were exposed to air under 
tree shade for six hours after placing them in a wire rack but did not show any significant 
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increase in infection level which demonstrates the reduced significance of air borne inoculum 
causing stem end rot. The role of storage temperature in influencing the quiescent period of 
infection under storage was also determined. The fruits having natural infection or inoculated 
with D. dominicana and L. theobromae started showing stem end rot symptoms between 4 – 5 
days at 22
o
C to 14 days at 13
o
C, whereas the fruit having primary soil borne or endophytic 
inoculum started showing symptoms from 8 to 13 days of storage at 23
o
C.  
2.4.5 Role of tree age and fruit position on the incidence of stem end rot and dendritic 
spot 
Tree location in the orchard has an important influence upon disease incidence. The fruits 
nearer the soil surface are may be more prone to infection because of an increased period of 
dew retention. Mango vegetation established near water bodies is also more susceptible to 
stem end rot. Fruit position on the tree is also important regarding stem end rot (Johnson, 
2008). Johnson (1993) discussed that mango trees become more susceptible to stem end rot 
attack as they grow older and face stress.  A rise in temperature may also trigger the stem end 
rot fungi to cause disease. The incidence of dendritic spot is unpredictable with respect to 
climatic effects.  
Johnson (1993) also studied the early expression of stem end rot symptoms in the mango 
cultivar Kensington Pride harvested from the high eastern canopy when stored at 23
o
C for 
three weeks compared to fruits of the same variety harvested from the lower west side of the 
tree. In further studies, Johnson (1993) assessed more severe infection rates at the end of the 
storage period in stored fruits harvested from the higher east facing tree canopy than from any 
other side of the tree. Fruit exposed to hot water and carbendazim dip along with prochloraz 
dip expressed a higher rate of dendritic spot incidence in fruits harvested from the eastern 
canopy. Tree stress can be the ultimate factor for such type of disease expression because 
fruits located on the high eastern side are exposed to sun for longer duration and may 
transpire more because of stress and may become prone to disease attack. The same factor 
may also contribute to the development of dendritic spots. 
2.4.6 Management of stem end rot 
A Study by Johnson et al. (1989a) showed the efficacy of a postharvest hot benomyl dip of 
mango fruit which gave better control of stem end rot caused by D. dominicana and L. 
theobromae when the fruit was stored at 20
o
C for 14 days. The fungicide dip gave significant 
control of stem end rot caused by D. dominicana and Alternaria rot when fruit had been stored 
for more than three weeks at 13
o
C under controlled atmosphere when the dipping was 
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followed by prochloraz. However, heat injury and benomyl stripping by mango sap is the 
major drawback of a hot benomyl dip.   
The control of anthracnose and stem end rot of mango was studied following the application 
of a quarantine treatment adopted for the control of fruit fly in Kensington Pride mango 
(Coates et al. 1993). The fruit was subjected to a High Humidity Hot Air (HHHA) treatment 
(>95% r. h) at two different temperatures (47
o
C and 49
o
C). Anthracnose development was 
satisfactorily controlled in fruit subjected to 46
o
C, 47
o
C and 48
o
C for 24 minutes, 10 and 8 
minutes respectively. The fruit was stored at 23
o
C for 16 days for ripening. This treatment 
was not efficient in controlling stem end rot caused by D. dominicana and L. theobromae.  In 
a second experiment, the fruit were subjected to either a hot benomyl dip (0.5g a.i./L at 52
o
C 
for 5 minutes) or an unheated prochloraz dip (0.25 ml a.i./L at 28
o
C for 30 seconds) before or 
after exposing to HHHA treatment at 47
o
C for 10 minute duration. The fruit was stored at 
23
o
C for 15 days and it was observed that stem end rot was controlled by HHHA alone, but 
the application of a hot benomyl dip before and after HHHA treatment improved stem end rot 
control. The 10 minutes duration of HHHA application at 46.5
o
C also reduced anthracnose 
incidence when the fruit was stored at 13
o
C for 14 days before ripening at 22
o
C. The 
combination of HHHA and fungicide dips gave complete control of anthracnose. As HHHA 
alone did not control stem end rot development at 13
o
C before ripening at 22
o
C, it was 
concluded that in disinfesting fruit with  HHHA (as a market access quarantine requirement), 
fruit should also be dipped in  hot benomyl for reasonable control  of postharvest diseases 
during cold storage and subsequent marketing. 
Stem end rot caused by L. theobromae was effectively controlled in the fruit for almost 4 
weeks following storage at 13
o
C when fungicide dip was used before storage. A low level of 
disease incidence was observed with 0.025% prochloraz dip at 31
o
C or 0.05% benomyl dip at 
50
o
C as compared to hot water dip at 31
o
C. Whereas, a hot water dip at 52
o
C or 0.1% 
thiabendazole did not significantly increase disease control (Muller & Burt 1989). 
During recent years, benomyl has been withdrawn from use for the control of anthracnose and 
stem end rot of mango. Other fungicides including prochloraz, fludioxonil, strobilurin and 
mancozeb are being used in field conditions. Swart et al. (2002) evaluated the effect of 
prochloraz, thiabendazole and fludioxonil on postharvest decay of mango fruit under 
simulated pack house treatments and export conditions. Stem end rot was effectively 
controlled among the fruit treated with a 300 or 600ppm hot dip of fludioxonil. High doses of 
this fungicide were capable of controlling anthracnose. Prochloraz was more effective against 
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anthracnose. It was concluded that the combination of these two fungicides might be effective 
against anthracnose and stem end rot and play a significant role in stem end rot suppression. 
Thiabendazole alone was ineffective against both anthracnose and stem end rot. However, its 
combination with prochloraz gave limited control of stem end rot. Postharvest disease 
incidence can be reduced by applying postharvest dips of prochloraz (Eckert 1989; Peterson et 
al. 1989). Postharvest treatments including hot water dip at 52
o
C for 5 minutes, application of 
thiabendazole (1.8 mL/L) alone or in combination with prochloraz (0.5mL/L) were found 
effective in significantly minimizing postharvest disease development in Sindhri, Chaunsa 
and Samar Bahisht cultivars of mango (Amin et al. 2011). 
Immersion of Kensington Pride fruit inoculated with D. dominicana or L. theobromae in hot 
water at 52
o
C for 5 minutes in combination with hot benomyl gave satisfactory control of 
stem end rot following14 days storage at 25 - 30
o
C (Johnson et al. 1990). However, other 
fungicides like prochloraz, DPXH 6573, RH 3866 and CaCl2 failed to control the disease at 
the same temperature. Under controlled atmosphere with 5% O2  and 2% CO2 for 26 days 
followed by air for 11 days at 20
o
C, hot benomyl along with prochloraz gave efficient control 
of both anthracnose and stem end rot. The addition of guar gum to this combination improved 
its efficacy for the control of stem end rot. Hot benomyl alone was ineffective in controlling 
these diseases. However, controlled atmosphere seemed to promote the emergence of other 
diseases like Alternaria rot which was then controlled by the use of hot benomyl along with 
prochloraz. Some other fungi were also reported as postharvest pathogens of mango cultivar 
KP for the first time (Johnson et al. 1990).   
Biological control of stem end rot and anthracnose was also studied and found to be effective 
for the control of stem end rot of mango cultivar Keitt in South Africa. Govender et al. (2005) 
studied the efficacy of Bacillus licheniformis under semi commercial conditions for the 
control of stem end rot and anthracnose. The fruit was exposed to two treatments i.e. a hot 
water dip (45
o
C) of biocontrol agent in combination with quarter strength of prochloraz and a 
hot water dip at the same temperature having just biocontrol agent, while the commercially 
used prochloraz hot water dip and untreated fruit were used as a control. The fruit was then 
packed on the commercial packing line after drying and waxing. The fruit subjected to the 
biocontrol prochloraz treatment showed minimum infection of anthracnose and stem end rot 
after seven days storage at market simulated temperature of 10
o
C and 90% RH and at room 
temperature (20
o
C and 75% RH). The colour and firmness of the fruit subjected to this 
integrated treatment was highly acceptable for marketing compared to the commercially used 
prochloraz hot dip and untreated fruit.  
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Govender  et al. (2006) studied the efficacy of different formulations of B. licheniformis on 
their own and in combination with prochloraz and stroburilin as a dip for the management of 
stem end rot and anthracnose under packhouse conditions. Fruit treated either with prochloraz 
or stroburilin or untreated fruit were selected as control. The integrated treatment of both 
biocontrol agent and chemicals showed effective control of postharvest diseases as shown by 
the chemical control. The biocontrol agent showed greater efficacy under cold storage 
conditions in the pack house. The study depicted that the antagonist can be an effective 
alternative to chemical fungicides and its powder formulation can also give better disease 
control.  
Ann et al. (2013) described early fruit bagging, preharvest fungicide sprays and careful fruit 
picking without causing any injury to fruit as better options for reducing postharvest 
emergence of stem end rot in Irwin mangoes. Pre and postharvest management practices are 
effective in managing postharvest emergence of stem end rot. However, the natural defence 
mechanism of plants also plays an important role in minimising postharvest diseases. Hassan 
et al. (2009) found higher resistance against anthracnose pathogens in immature mango due to 
presence of higher concentrations of antifungal resorcinols in fruit peel and fruit latex. The 
study was supported by Karunanayake et al. (2014) who found the activity of gallotannin 
influenced resistance to anthracnose in ripe and unripe fruit peel of Gira and 
KaruthaColombon cultivars of mango. These cultivars appeared to be susceptible to stem end 
rot. While Rata and Kohu cultivars which are resistant to stem end rot were susceptible to 
anthracnose. 
 
2.5 Dendritic spot of mango 
The term dendritic is specific to the symptoms of this disease. This term is derived from 
different anatomical and geographical terms (dendron– from the Greek language) to describe 
the appearance of structures which resemble tree branches (Johnson 2008). Large numbers of 
small sized randomly scattered lesions which appear over the fruit surface during storage and 
fruit ripening are the basic features of this disease. These unsunken spots are dark and 
superficial with irregular margins. The colonization is mostly restricted to the fruit surface 
and rarely colonizes fruit flesh. The disease is known as dendritic spot and appears 
sporadically on mango fruit. The infection process of this disease is poorly understood. 
According to studies on the behaviour of the causal fungus, the disease inoculum seems to be 
air borne (Johnson 2008).  
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2.5.1 Causal organism and symptoms of dendritic spot 
A complex of fungal organisms is believed to be the cause of this disease but Fusicoccum spp. 
and Neofusicoccum spp., anamorphic members of the Botryosphaeriaceae family, are taken as 
the main causal agents of the disease along with C. gloeosporioides (Coates et al. 2009). 
There is a possibility that some slower growing fungi could be the primary cause of infection 
which in a combination with fast growing fungi may be the primary cause of dendritic spot. 
The fungi Guignardia mangiferae A. J. Roy and Scleostigmina mangiferae (Koord.) U. Braun 
and Moush (Synonyms Stigmina mangiferae (Koord) M. B. Ellis and Cercospora mangiferae 
could be the possible causes of this disease because of their association with certain diseases 
of mango (Johnson 2008). Other fungi isolated from dendritic spot symptoms include 
Alternaria sp., Cladosporium sp. and L. theobromae. 
Disease symptoms start appearing after fruit ripening. Small, irregular and branched spots of 2 
- 5 mm diameter being dark in colour become superficially prominent on any point of the fruit 
skin and are not deep rooted in the fruit flesh. They normally appear during storage and 
remain restricted to fruit skin. Numerous lesions on fruit skin result in fruit disfiguration and 
low marketability (Cooke & Akem 2007). 
 
Fig. 2.3: Typical symptom of dendritic spot on ripe mango fruit (Coates et al. 2009). 
The disease cycle is not clear but the infection prevails under field conditions. The main 
inoculum source is considered to be spores which the fruit receives from the tree (Coates et al. 
2009). Removal of dead branches by pruning and use of fungicides sprays for the control of 
anthracnose and stem end may provide control for dendritic spot (Coates et al. 2009).  
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2.6 Botryosphaeriaceae causing diseases in mango 
A number of anamorphic fungi of family Botryosphaeriaceae family are associated with 
diseases in mango trees. Many mango growing countries are facing mango tree decline which 
is affecting their economy and mango fruit export capacity (Al Adawi et al. 2006). A complex 
of fungi is involved in the decline of mango trees but the Botryosphaeriaceae play a major 
role (Al Adawi et al. 2003; Khanzada et al. 2005; de Oliveira Costa et al. 2010). Stem end rot 
is emerging as a major postharvest issue in many countries during recent years. Mango fruit is 
affected by stem end rot and dendritic spot under postharvest and storage conditions (Johnson 
2008; de Oliveira Costa et al. 2010). 
2.6.1 Ecology of Botryosphaeriaceae family 
According to Slippers & Wingfield (2007), members of Botryosphaeriaceae appear mostly as 
endophytes in most woody plants. The endophytes have been described as: “The organisms 
which reside entirely within plant tissues and may grow within roots, stems and/ or leaves, 
emerging to sporulate at plant or host-tissues senescence” (Rodriguez et al. 2009). The 
specific host ranges of different pathogens reflect the diversity of the family. The 
geographical distribution of the pathogens and prevailing stress conditions of agricultural and 
forestry plantation encourage the endophytes to become pathogenic because of their ability to 
cause disease in a short time period and they become the ultimate threat to all types of 
plantations under stress conditions. The changing climatic conditions causing stress to plants 
are also playing an important role in the switching from endophytes to the pathogens (Slippers 
& Wingfield 2007). 
A study by de Oliveira Costa et al. (2010) also confirms that certain members of the family 
act as primary and secondary pathogens of diseases in many woody plants, while endophytes 
also have the potential to turn into pathogens under stress conditions. Mostly the pathogenic 
ascomycetes of this family are responsible for the cause of cankers, fruit rots and dieback of 
host plants (Slippers et al. 2005; Crous et al. 2006; Cunnington et al. 2007).  
Certain species of Botryosphaeria commonly occur in horticultural crops including black 
olive berry, canary island date palm, blueberry, grape vine, tea, apple, peach, grey sallow, 
European pear, orange, beauty bush (Cunnington et al. 2007). African or wild olive and 
pistachio in Australia having a status of plant pathogenic fungi in herbaria and fungal culture 
collection records. The fungi prevail mostly in their anamorphic (asexual) phase and their 
teleomorphic (sexual) phase is rarely studied (de Oliveira Costa et al. 2010). 
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2.6.2 Morphology of Botryosphaeriaceae family 
Diplodia, Botryosphaeria, Fusicoccum, Dothiorella, Lasiodiplodia and Sphaeropsis contain 
most of the teleomorphic and anamorphic stages which come under the Botryosphaeriaceae 
family (Slippers & Wingfield 2007); however, Slippers et al. (2005) related D. dominicana, 
one of the major pathogens of mango, to Fusicoccum on the basis of its morphology and DNA 
sequence data. Identification of some species of this family is aided by considering the 
conidial morphology of Fusicoccum spp. however, it seems difficult to identify certain other 
species on a similar basis because of the presence of slight differences in the shape of their 
conidia, size and septation. This situation results in complex taxonomic issues. The problems 
in taxonomy can now be solved by the use of molecular techniques for identification 
(Cunnington et al. 2007). 
According to de Oliveira Costa et al. (2010) the species were identified on the basis of the 
morphological characteristics of their commonly occurring anamorphs (asexual stage) under 
field conditions as compared to rarely observed teleomorphs (sexual stage) which rarely 
appear under in vitro conditions. Since most of the assignment of species resulted in 
confusion in taxonomy because of almost similar morphological characteristics, molecular 
tools proved best for their identification. The study of rDNA sequences reveals that the 
anamorphs should be grouped in only two genera the Fusicoccum (having hyaline conidia) 
and Diplodia (characterized by pigmented conidia). 
2.7 Morphological and phylogenetic studies of Botryosphaeriaceae 
Phylogeny of the members of family Botryosphaeriaceae is complex. Phylogenetic studies 
have been carried out to understand their phylogenetic relationships. Phylogenetic analysis of 
mitochondrial small subunit ribosomal DNA (mt SSU rDNA) of Botryosphaeria and other 
relevant taxa was carried out by minimum evolution, parsimony and likelihood methods. 
MSU1 and MSU7 PCR primers were designed for the amplification of part of mt SSU rDNA 
of the filamentous ascomycetes. A total of 32 isolates of 23 species belonging to 10 genera 
were tested with MSU1- MSU7 and MSU1- NMS2 primer pairs. The study resulted in the 
exclusion of B. vaccinii from the group of Botryosphaeria species and other related taxa 
forming a monophyletic group. No close relationship was observed between the different 
species of anamorphic genera of both Diplodia and Sphaeropsis. More than one species may 
also be named as B. stevensii (Zhou & Stanosz 2001). 
A multiple gene genealogy was developed to clarify the phylogenetic relationships of dark 
conidial anamorphs of the Botryosphaeriaceae and their host association based on this 
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phylogeny. Three anamorphic genera reported to have teleomorphs in Botryosphaeria have 
dark coloured conidia including Diplodia, Lasiodiplodia and Dothiorella. Their dark coloured 
conidia have ovoid shape with thick walls. These three genera were separated by multiple 
gene genealogy and the trend in the host association pattern was also expressed. Further 
lineages of Botryosphaeria with all the isolates taken from different hosts having available 
Internal Transcribed Sequence (ITS) data were also studied. Diplodia was found to be 
associated mainly with gymnosperms with some species having capability to infect both 
gymnosperms and angiosperms. Dothiorella and Neofusicoccum have a narrower host range 
limited to angiosperms while in the southern hemisphere; Neofusicoccum rarely becomes a 
pathogen of gymnosperms. The angiosperms are the known hosts of Fusicoccum sp. and of 
Botryosphaeria along with rare cases in which gymnosperms also become their host. A small 
amount of evidence of host association co - evolution was observed among all the host 
generalist and specialist species in the lineage of Botryosphaeriaceae (De Wet et al. 2008). 
Alves et al. (2005) identified the different species of Botryosphaeriaceae by using amplified 
ribosomal DNA restriction analysis. The rDNA fragment from 10 species of Botryosphaeria 
containing Internal Transcribed Spacers (ITS1-5.8-SITS2) and D1/D2 variable domains of 
28S rDNA was amplified using PCR. The 12 rDNA haplotypes were identified with the help 
of restriction analysis of these amplicons by frequent cutting endonucleases. Each rDNA 
haplotype was named as single Botryosphaeria sp. for clear identification of all the tested 
species. B. parva and B. dothidea expressed low intraspecific polymorphism, while in known 
species delineation, the cluster analysis of banding patterns of the isolates responded well. 
This technique proved to be a simple and rapid way to identify Botryosphaeria isolates at 
species level. 
The identification of B. dothidea causing fruit rot of olives was based on the morphology of 
the isolates and phylogenetic analysis by using ITS and translation elongation factor 1 α (EF1-
α) sequences grouped the fungus with its anamorphic form Fusicoccum aesculi in the same 
clade. The fungus produced common fusiform, hyaline and aseptate conidia of Fusicoccum 
along with dark walled conidia which were ovoid in shape, ellipsoid or fusiform having 1-2 
septations which are not commonly observed in Fusicoccum (Phillips et al. 2005). 
Barber et al. (2005) found that fungi isolated from the wood and foliage of eucalyptus from 
the native forests of Australia clustered with the Fusicoccum clade on the basis of their ITS 
sequence data in spite of the fact that they produce Dichomera anamorphs in culture. B. 
dothidea, B. parva, B. ribis and B. australis are the four Dichomera anamorph producing 
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species. Their Dichomera synanamorphs were also described. On the basis of ITS sequencing, 
two species previously described as Botryosphaeria were also found which were identical to 
D. versiformis and D. eucalypti.  
Mohali et al. (2006) described Botryosphaeria species as common endophytes of woody 
plants including some serious pathogens of Eucalyptus and Acacia sp. Fusicoccum is one of 
the most common anamorphs associated with Botryosphaeria. Two new species of 
Fusicoccum isolated from Eucalyptus and Acacia trees in Venezuela were characterized on 
the basis of their morphological characteristics in cultures and DNA sequence data 
comparison. F. andinum and F. stromaticum spp. nov were placed in two well - supported 
clades (bootstrap value 100%) on the basis of the combined data sets of the ITS of rDNA 
operon and the translation elongation factor 1α (EF1- α) gene sequences. F. andinum has 
large conidia which is an unusual phenomenon in Botryosphaeria anamorphs and is similar to 
B. mamane and B. melanops. F. stromaticum produced large conidiomata in cultures at 35
o
C 
with slightly thickened conidial walls, different from other Fusicoccum spp. The fungi did not 
produce any teleomorphic stage. However, the DNA sequence data confirmed them as 
anamorphs of Botryosphaeria. 
Alves et al. (2007) tested different primers for differentiation between different species of 
Botryosphaeriaceae by using a finger printing method called Microsatellite – Primed 
Polymerase Chain reaction (MSP - PCR) – and repetitive sequence based Polymerase Chain 
reaction (rep- PCR). All species tested were identified clearly by each primer. The banding 
pattern of all the isolates gave clear corresponding cluster patterns with the known species 
delineations. The intraspecific variability can also be studied by using these simple and rapid 
procedures. 
Identification of Fusicoccum sp. isolated from pistachio and other host plants in California 
was carried out using the pair of group-specific PCR primers BDI and BDII. A 356 bp DNA 
fragment for the collection of 73 tested Fusicoccum isolates from pistachio and other hosts 
was amplified by these primers. DNA fragments of the 33 species other than Fusicoccum 
which were isolated from pistachio in Greece could not be amplified (Ma & Michailides 
2002). 
Many species of Botryosphaeriaceae are well known canker and leaf pathogens of members 
of the Protecaeae family. The taxonomy of the pathogenic species related to this plant family 
was studied by using the sequence data for ITS nuclear ribosomal DNA (nrDNA) region 
along with morphological observations to solve taxonomic issues. Neofusicoccum luteum was 
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isolated from Buckinghamia sp. and Banksia sp. in Australia. N. australe was confirmed as a 
major pathogen of Banksia coccinea in Australia instead of the previously reported N. luteum. 
N. protearum was also found in Hawaii and Tenerife infecting Proteaceae. Previously 
reported N. ribis was identified as N. parvum. Another species named Saccharatacapensis is a 
newly reported species having morphological similarities with S. proteae but there is lack of 
information about its pathogenic status which needs to be confirmed by doing further studies 
(Marincowitz et al. 2008). 
On the basis of morphological studies, fungi from the Botryospheriaceae family were often 
identified as genus Lasiodiplodia on mango in Thailand and were mostly named as L. 
theobromae. The morphological and phylogenetic study for the correct identification of the 
genus carried out by Trakunyingcharoen et al. (2013) revealed the presence of six clades 
within the isolates collected from Thailand as Lasiodiplodia spp. including L. 
pseudotheobromae, Lasiodiplodia sp. and L. viticola. The study confirmed the presence of L. 
pseudotheobromae for the first time in Thailand. Pathogenicity tests carried out on fruit, stem 
ends and trees of Mahachanok and Keawmorakot cultivars of mango determined that where 
plants were under stress or if the environmental conditions are favourable for disease 
development, endophytic fungi might become opportunistic pathogens and pathogens might 
become latent pathogens. L. pseudotheobromae and L. viticola were found as the most 
pathogenic fungi on fruit and stem ends while L. pseudotheobromae and Lasiodiplodia sp. 
were more pathogenic on trees. 
Ni et al. (2012) described the anamorphs of Botryosphaeriaceae family including L. 
theobromae, N. parvum, N. mangiferae and Fusicoccum aesculi Corda as the causal 
organisms of stem end rot and fruit rots of mango in Taiwan. As the morphological 
identification of these pathogens is difficult because of plasticity for some of the 
morphological characters, four primers were designed according to sequences of ribosomal 
internal transcribed spacers (ITS) for more accurate identification of these pathogens. Nested 
multiplex polymerase chain reaction (PCR) was used in this study. The analysis was 
performed by using ITS 1 and ITS 4 first to run PCR in addition of all four sets of species – 
specific primers. A low limit of 100 fg
-
1 pg of purified fungal DNA was detectable. It is a 
rapid and sensitive method of identification of Botryosphaeriaceae family which successfully 
detected L. theobromae, N. parvum, N. mangiferae and F. aesculi from the total DNA 
extracted from the inoculated fruit. 
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A phylogenetic identification of members of family Botryosphaeriaceae responsible for 
cankers and stem end rot of mango in Brazil was also carried out by Marques et al. (2013) 
using ITS and EF1 – α regions. Seven taxa were identified from a total of 115 isolates on the 
basis of morphological and phylogenetic studies. The taxa were identified as B. dothidea, B. 
mamane, F. fabicercianum, N. parvum, N. brasiliense sp. nov. Neoscatilidium dimidiatum and 
Pseudofusicoccum stromaticum. Most commonly isolated fungi were B. dothidea and P. 
stromaticum while the association of B. mamane with mango diseases all over the world was 
reported for the first time. All isolated species were found pathogenic on mango fruit with N. 
dimidiatum and N. parvum as most virulent while P. stromaticum was found as the least 
virulent species. 
The geographical distribution of the important members of Botryosphaeriaceae family 
causing diseases in mango was studied by Trakunyingchareon et al. (2014). The study was 
based on ITS region of the nuclear rDNA and a partial region of EF1 –α. Seven clades have 
been revealed by this study having distinct morphological features in seven countries 
including Australia, Brazil, Egypt, Iran, Mali, Peru, South Africa, Taiwan and Thailand. L. 
theobromae was determined as most dominant species on mango with largest geographical 
distribution with L. crassispora and Barriopsis iraniana reported on mango only from Brazil 
and Iran respectively. L. theobromae was also studied as the most common pathogen of 
mango in Egypt by Ismail et al. (2013) along with a new specie L. egyptiaceae when ITS and 
TEF1–α regions were used for identification. Whereas L. pseudotheobromae was identified as 
a new record on mango in Egypt. All the species were able to cause dieback when inoculated 
on mango seedlings. L. theobromae was also determined as a most common pathogen causing 
dieback, gummosis or root necrosis in date palm, citrus spp. and mango in Oman and United 
Arab Emirates (UAE) using amplified fragment length polymorphism method (Al Sadi et 
al.2013). 
Rachis necrosis and inflorescence blight of mango caused by N. mangiferae was reported for 
the first time from Puerto Rico by Serrato – Diaz et al. (2014). The samples were collected 
from the mango germplasm collection at the university of Puerto – Rico and 70% of the 
samples were infected with rachis and fluorescence blight. The fungi were isolated on 
acidified potato dextrose agar (PDA) from the infected samples of cultivars Haden and Irwin. 
The morphological characters and phylogenetic analysis by PCR amplifications of ITS 5 and 
ITS 5 primers, fragments of both β-tubulin and translation elongation factor 1-alpha (EF1-α) 
genes using Bt2a-Bt2b and EF1728F-EF1986R primers, respectively identified them as N. 
mangifearae. The isolates reproduced necrosis extending from rachis to flower with visible 
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mycelia growth and inflorescence blight on inoculated seedlings of cultivar Irwin when tested 
for pathogenicity. The rachis tissues of seedlings of cultivar Haden turned brown and necrotic 
but no mycelia growth was observed. 
Sakalidis et al. (2011) mentioned Neofusicoccum as a recently described genus of endophytes 
and pathogens of woody plants which was previously placed under genus Botryosphaeria. In 
the genus Neofusicoccum, many morphological characteristics used to describe the species 
mostly overlap and because of this reason, many isolates collected from different hosts and 
locations were misidentified as phylogeny of these isolates was not studied. A collection of 
morphologically similar isolates of Neofusicoccum was obtained during a survey of eucalypt 
cankers in eastern Australia. Morphological (MSRC), ecological (ESRC) and phylogenetic 
(PSRC) recognitions concepts were used for the analysis of the collected isolates. 
Morphological and pathogenicity tests data were also used other than molecular analysis. The 
molecular analysis was carried out using multiple gene phylogenies constructed from four 
nuclear gene regions. The cultural characteristics of the isolates were described using 
Genealogical Sorting Index (GSI). The isolates were separated into 8 clades in 
correspondence to the six described species: N. ribis, N. parvum, N. kwambonambiense, N. 
cordaticola, N. umdonicola, N. bataangarum and two new species using the phylogenetic 
analysis.    
Phylogenetic work carried out for the identification of different species of the 
Botryosphaeriaceae family discussed in this section is summarized in Table 2.3. 
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Table 2.3: Method of identification/gene region/primers used, hosts and species of 
Botryosphaeriaceae family studied  
Method of 
identification / 
primers and/ or 
gene regions 
used  
Organisms studied Host  Reference  
 
 
Mitochondrial 
small subunit 
ribosomal 
DNA(mt SSU 
rDNA) using 
minimum 
evolution, 
parsimony and 
likelihood 
methods 
Botryosphaeria sp. Angiosperms 
and 
gymnosperms  
Zhou & Stanosz 2001 
Multiple gene 
genealogy using 
Internal 
Transcribed 
Sequence (ITS) 
data 
Diplodia, Lasiodiplodia and 
Dothiorella 
Angiosperms   De Wet et al. 2008 
Amplified 
ribosomal DNA 
restriction 
analysis using 
ITS1-5.8-SITS2 
and D1/D2 
variable domains 
of 28S 
Botryosphaeria parva and B. 
dothidea 
Multiple host 
plants  
Alves et al. 2005 
ITS and 1 α (EF1-
α) sequences 
B. dothidea Olives  Phillips et al. 2005 
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Method of 
identification / 
primers and/ or 
gene regions 
used  
Organisms studied Host  Reference  
 
 
ITS sequence data Dichomera anamorphs in 
cultures of B. dothidea, B. 
parva, B.ribis and B. australis 
Eucalyptus  Barber et al. 2005 
ITS of rDNA 
operon and 
translation 
elongation factor 
1α (EF1- α) gene 
sequences 
Fusicoccum spp. Eucalyptus 
and Acacia sp. 
Mohali et al. 2006 
Microsatellite – 
Primed 
Polymerase Chain 
reaction (MSP - 
PCR)  and 
repetitive 
sequence based 
Polymerase Chain 
reaction (rep- 
PCR) 
Botryosphaeria spp. Angiosperms 
and 
gymnosperms 
Alves et al. 2007 
Group-specific 
PCR primers BDI 
and BDII 
Fusicoccum sp. Pistachio and 
other host 
plants 
Ma & Michailides 
2002 
ITS Nuclear 
ribosomal DNA 
(nrDNA) 
N.  luteum and N. australe Buckinghamia 
sp. and 
Banksia sp. 
Marincowitz et al. 
2008 
Morphological 
and phylogenetic 
study 
Lasiodiplodia spp. Mango  Trakunyingcharoen et 
al. 2013 
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Method of 
identification / 
primers and/ or 
gene regions used  
Organisms studied Host  Reference  
 
 
ITS 1 and ITS 4 
primers 
L. theobromae, N. parvum, 
N. mangiferae and 
Fusicoccum aesculi Corda 
Mango Ni et al. 2012 
ITS and EF1 – α 
regions 
B. dothidea, B. mamane, F. 
fabicercianum, N. parvum, 
N. brasiliense sp. nov. 
Neoscatilidium dimidiatum 
and pseudofusicoccum 
stromaticum 
Mango Marques et al. 2013 
ITS region of rDNA 
and a partial region 
of EF1 –α 
L. theobromae, L. 
crassispora and Barriopsis 
iraniana 
Mango  Trakunyingchareon et 
al. 2014 
ITS and TEF1–α 
regions 
L. theobromae and L. 
egyptiaceae 
Mango  Ismail et al. 2013 
Amplified fragment 
length 
polymorphism 
method (AFLP) 
L. pseudotheobromae Mango  Al  Sadi et al.2013 
ITS 5 and ITS 5 
primers, β-tubulin 
and translation 
elongation factor 1-
alpha (EF1-α) gene 
regions 
N. mangiferae Mango Serrato – Diaz et al. 
2014 
Multiple gene 
phylogy and 
genealogical Sorting 
Index (GSI) methods 
N. ribis, N. parvum, N. 
kwambonambiense, N. 
cordaticola, N. umdonicola 
and N. bataangarum 
Woody plants Sakalidis et al. 2011 
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2.8 Field management of postharvest diseases of mango 
Weather conditions, mango tree genotype, crop nutrition, inoculum management and fruit 
quality are the primary factors that affect disease occurrence and control. Application of 
proper management strategies including crop husbandry practices, resistant varieties, crop 
hygiene, field sprays of recommended fungicides and use of postharvest dips can avoid the 
occurrence of these diseases under postharvest conditions (Coates et al. 1993; Johnson & 
Coates 1993; Coates & Johnson 1997; Ploetz 2004; Prusky & Lichter 2008). Use of integrated 
management practices in the field can also give better results in postharvest disease 
management (Ann et al. 2013). 
2.8.1 Role of weather conditions and irrigation in disease incidence 
Johnson (2008) indicated that the prevalence of a dry season during the flowering stage 
reduced the anthracnose and stem end rot infection in different mango growing regions of 
Australia. Wet and humid weather conditions from flowering to harvest, especially in 
orchards having no sprays and poor management, favours the prominent occurrence of tear 
stain and quiescent infections developing into anthracnose and stem end rot under pre and 
postharvest conditions. Trees subjected to flood and sprinkler irrigation can also be infected 
by the diseases because of high levels of humidity. 
2.8.2 Fungicide application 
Field application of fungicides including copper fungicides, strobilurin (Stroby
®
, Flint
®
), 
mancozeb (Mancozeb
®
) and prochloraz (Octave
®
) (at flowering) and fludioxonil (Scholar
®
) 
reduce inoculum levels under field conditions. Prochloraz and azoxystrobin (Amistar
®
) have 
also been evaluated and applied for management of field diseases of mango (McMillan Jr 
1984; Reuveni et al. 1998; Prusky et al. 1999; Swart et al. 2002). Use of prochloraz, and 
mancozeb has also been reported for the management of mango diseases (Johnson et al 1988; 
Johnson et al. 1995; Coates & Johnson 1997; Akem 2006).   
A combination of preharvest application of chemicals with postharvest chemical treatments 
was studied for the maximum control of postharvest diseases of mango with extended shelf 
life. A combination of three fungicides in which azoxystrobin (125 – 250 mg L-1) and 
mancozeb (1000mg L
-1
) were sprayed periodically on 10 year old trees of two mango 
cultivars from first bloom until harvest. CaCl2 was added to the fungicide mixtures at a 
concentration of 0.6% (w/v) from fruit set and development. The spray interval was 10 days 
during the panicle emergence and fruit set while 15 days interval was used from fruit set until 
maturity. After maturity the fruit was harvested and drenched in prochloraz solution (450mg 
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L
-1
) for 10 minutes and was packed in carton boxes with ethylene absorbent bags. After 23 – 
25 days of storage, the postharvest decay was efficiently controlled in the fruit having both 
pre and post chemical treatments as compared to the fruit with only pre or postharvest 
treatments. FC-3 (125 mg L
-1
azoxystrobin + 1000 mg L
-1
mancozeb) was observed as the best 
preharvest fungicide combination in controlling the postharvest fruit decay and extended fruit 
shelf life (Huang et al. 2012). 
 In Pakistan, stem end rot has been recognized as a severe postharvest problem of mango 
prevailing in all mango growing areas. For, pre and post-harvest management of this disease, 
a range of fungicides was tested. Among carbendazim (Carbendazim
®
), azoxystrobin 
(Gemstar
®
), tebuconazole + trifloxystrobin (Nativo
®
), difenoconazole (Score
®
), thiabendazole 
(Tecto
®
) and propiconazole (Tilt
®
), lower concentrations of Carbendazim
®
 followed by 
Tecto
®
 was observed as a highly effective fungicide for the in vitro growth inhibition of 
Lasiodiplodia theobromae. The 30000ppm concentration of all fungicides resulted in no 
growth of the fungus. When these fungicides were tested on mango fruit inoculated with L. 
theobromae, significantly lower incidence of stem end rot was observed on the inoculated 
fruit as compared to the control fruit. It was observed that the higher concentration of the 
fungicides were more effective to control stem end rot than the lower concentrations. A 
reduced lesion area was observed when lower concentration (10000ppm) of Carbendazim
®
, 
Nativo
® 
and Gemstar
®
 was used while no lesion development was observed when 20000ppm 
and 30000ppm was applied using hot dip treatment at 50
o
C for 5 min (Syed et al. 2014). 
In the Southern parts of Senegal, anthracnose was a serious problem of mango. The efficacy 
of three systemic fungicides, thiophanate methyl, azoxystrobin and myclobutanyl and one 
contact fungicide (mancozeb) was tested for the control of anthracnose. The first treatment 
was carried out during the rainy season in which 20% of the fruit on trees were affected by 
anthracnose. On ripening, 100% of control fruit developed anthracnose while 70 – 80% of 
fruit treated with thiophanate methyl was found unaffected. In case of fruit treated with 
azoxystrobin, 40 – 60% of fruit was found unaffected while myclobutanyl appeared as less 
effective against anthracnose. The efficacy of thiophanate methyl and azoxystrobin was 
increased when preventive sprays of these fungicides were carried out days ahead of the onset 
of rainy season (Diedhiou et al. 2014). 
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2.8.2.1 Use of copper fungicides 
Copper based fungicides can provide better control of anthracnose and stem end rot than other 
fungicides. Copper oxychloride also controls anthracnose as well as bacterial black spots of 
mango (Thirumalesh et al. 2011).  
2.8.3 Pre-harvest fruit bagging for fruit protection 
Bagging of mango fruit at different growth stages before harvest may also be helpful for 
managing postharvest diseases like anthracnose, stem end rot and skin blemishes (Joyce et al. 
1997). The effect of fruit bagging for the improvement of fruit quality of the late maturing 
Keitt cultivar of mango was studied by (Joyce et al. 1997). The experiment was carried out in 
two mango seasons. During the first season, the fruit were bagged randomly by using white 
paper bags 100 days before harvest and in the second season the fruit were bagged 131, 105, 
82, 56 and 31 days before harvest.  Mature fruits were harvested and stored at 22
o
C for 
ripening. Disease assessment was carried out after fruit ripening. Reduction in the incidence 
levels of both anthracnose and stem end rot was observed in both cases. The increased 
bagging duration gave maximum reduction of stem end rot but anthracnose did not reduce 
further after 56 days of bagging. Prolonged bagging improved the yellow coloured area of 
fruit skin at eating ripe stage but prolonged bagging reduced red colouration of skin. Calcium 
level of fruit was reduced at 56 days of bagging but not in longer baggings of 81 – 131 days. 
Fruit mass, pulp, colour, total soluble solids, acidity and eating quality remained unaffected. It 
was concluded that, fruit bagging can improve fruit quality and disease control (Hofman et al. 
1997).  
Senghor et al. (2007) studied the use of biocontrol agents along with chemicals for the control 
of postharvest diseases of mango such as anthracnose. Three different pre-harvest treatments 
based on fruit bagging, bagging along with application of Bacillus subtilis (LB5) and 
fungicide application followed by bagging were applied to fruit of the mango cultivar 
Jinkwang in Taiwan. The fungicides azoxystrobin, thiabedazole + oxine - copper, 
kresoximethyl, kasugamycin + carbendazim were used in the experiment.  The treatments 
proved efficient for managing early infection of anthracnose. The fruits were then treated with 
different concentrations of cell suspension of Bacillus subtilis (LB5) after harvest. All the 
concentrations appeared effective for disease control. It was reported that the efficacy of a 
bacterial strain for the control of anthracnose may be based on the protection of fruit in the 
field from early infection. Nagaharshitha et al. (2014) also found bagging as an effective 
treatment in controlling stem end rot in Alphonso cultivar of mango along with enhanced fruit 
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development and other physical parameters like fruit weight, length diameter, pulp weight and 
pulp to stone ratio. 
The study by Joyce et al. (1997) on the cultivar Sensation for the determination of calcium 
levels confirmed no negative effect of paper bagging on fruit quality followed by no 
reduction in calcium level. Beasley et al. (1997) confirmed the increased level of calcium 
concentration in the flesh of mango “nubbins” of the cultivar Kensington Pride bagged by 
using paper bags as compared to the seeded fruit. “Nubbins” refer to a small seedless fruit of 
mango. Chonhenchob et al. (2011) also found a reduction in peel defects and diseases in fruit 
of Nam Doc Mai cultivar of mango. Plastic bagging material with selective wavelengths (no 
pigment, yellow, red, blue/violet, blue) were compared with commercially used Kraft paper 
bags with black paper liner in the study. It was found that plastic bagging material effectively 
reduced the peel defects and diseases in mango fruit as compared to the paper bags. 
Preharvest fruit bagging has been used in different fruit crops to protect the fruit from insect 
and disease disorders. For some fruits, bagging may result in reduction of fruit nutrient 
levels, and for apples, it is known to cause a significant decrease in fruit sugar levels. Zhu et 
al. (2014) sprayed aqueous solutions of 10 g L
-1
 CaCl2, 5gL
-1
 KH2PO4, or 2gL
-1
 
Na2B4O7.10H2O  during four fruit developmental stages to study the reduction of fruit sugar 
levels in bagged apple fruit. Significantly lower levels of late-season leaf phosphorus (P) and 
potassium (K) content were found after the rapid fruit growth period and the soluble sugar 
content in ripening fruit were observed in bagged compared to non-bagged fruit (11.1 – 
15.09 %). Foliar application of CaCl2, KH2PO4, or Na2B4O7 during the fruit set compensated 
the reduced levels of leaf P and K contents due to bagging. Therefore, significantly higher 
fruit soluble sugar contents were observed in bagged ripening fruit with foliar spray than in 
bagged fruit without foliar sprays. It was also found that decrease in sugar contents of 
bagged apples was closely associated with the decrease in late-season leaf P and K levels 
caused by fruit bagging. 
2.9 Effect of temperature under storage conditions 
Field and storage temperature has a significant effect on the appearance of different fungi 
causing stem end rot in mango. Fruit stored at 13
o
C showed the dominance of N. parvum 
causing disease while those stored at 30
o
C demonstrated the prevalence of L. theobromae. 
The temperature range between 18 - 25
o
C favoured the appearance of a mixture of fungi 
(Johnson, 1993). It was revealed that in the case of mango trees hosting a number of 
pathogens, the dominant fungal population causing disease under the storage conditions were 
those that survived successfully under field conditions. 
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2.10 Postharvest strategies for disease control 
Proper handling of fruit is of great importance during harvesting. Reduced fruit exposure to 
soil borne inoculum of L. theobromae by avoiding the de-sapping of fruit on soil is 
recommended for reducing the chances of disease. Use of copper fungicides can also be 
helpful in the disease control. Use of hot water and fungicides dips are the other strategies for 
disease control (Johnson et al. 1995). 
2.10.1 Fruit treatment with hot water 
Hot water dips of the Carabao cultivar of mango at 51 - 55
o
C for 10 minutes at the mature 
green stage can provide effective control of both stem end rot and anthracnose but this 
treatment also expedited fruit ripening which resulted in fruit weight loss. Low temperatures 
from 50 – 53oC resulted in lower disease control (Lizada et al. 1986) while in another study 
carried out by Mansour et al. (2006), the hot water treatment of fruit of Kent, Keitt and 
Tommy Atkins cultivars of mango at 50
o
C for 5 minutes or with hot air for 4 hours at 40
o
C 
gave efficient control of postharvest diseases caused by L. theobromae, A. alternata and B. 
cinerea. Hot air treatment at the same temperature followed by hot water treatment did not 
cause any fruit skin damage and enhanced the shelf life of the mango. Poor peel colour and 
stem end rot are the major causes of postharvest losses in mango cultivar Karuthacolomban. 
Fruit of this cultivar was subjected to a hot ethral (2 – chloroethylphosphonic acid) dip at 3 
different temperatures (20, 48 and 52
o
C). The hot ethral dip treatment did not affect the taste, 
smell and flavour of the treated fruits and there were no changes in total soluble solids and 
titratable acidity. The severity of stem end rot caused by L. theobromae was less with 
desirable fruit colour when the fruit was dipped at 52
o
C for 3 minutes (Sarananda et al. 2004).  
2.10.2 Hot fungicidal dips 
Mancozeb and iprodione gave satisfactory results for the control of stem end rot in hard, 
mature and green mango fruits without affecting fruit marketability when the fruits were 
dipped in aqueous solutions for 3 minutes at 50
o
C (Meah 2000). The incidence of stem end rot 
was significantly reduced when a hot dip of prochloraz (0.025%) was applied at 31
o
C. Similar 
results of low disease incidence were observed among the fruit subjected to a hot dip using 
benomyl (0.05%) at 50
o
C. The hot fungicidal dips gave better disease control as compared to 
the hot water dip at 31
o
C. However, a hot dip of thiabendazole and hot water dip at 50
o
C did 
not give significant control (Muller & Burt 1989). 
 In 2004, fludioxonil was introduced in the market for the management of postharvest diseases 
of mango after a ban on some previously recommended fungicides like benomyl. A hot dip of 
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this fungicide was found to be very effective against stem end rot. The results of a study 
carried out by Swart et al. (2002) showed that both 300 and 600ppm of fludioxonil can 
efficiently reduce the incidence of stem end rot. The incidence of anthracnose can also be 
reduced by applying the higher dose of this fungicide. A substantially lower incidence of stem 
end rot was observed in mature mango fruit subjected to hot fungicidal dip of fludioxonil at 
52
o
C for 5 minutes in another study carried out by Akem et al. (2010). Pre-harvest fungicide 
sprays at recommended timings and postharvest hot fungicidal dip were recommended as 
important postharvest treatments for better management of postharvest diseases in many 
studies (Sommer 1982; Swart et al. 2006). 
2.10.3 Exposure of mature fruit to exogenous ethylene 
Mature mango fruit produces low amounts of ethylene under storage during ripening. This 
ethylene production stimulates fruit ripening and is helpful in giving fruit a yellow colour 
(Burg & Burg 1961). The concept of fruit ripening because of ethylene was also supported by 
a study by Hofman et al. (2001), carried out on avocado, custard apple, mango and papaya 
fruit in order to delay the ripening process of these fruits after the use of 1- 
methycyclopropene which is known as an ethylene binding inhibitor. It was observed that the 
fruit which was gassed with 1- methycyclopropene at 25µL/L for 14h at 20
o
C followed by 
ethylene exposure (100µL/L) ripened in half the usual time. On the other hand, the fruit which 
was exposed to only 1- methycyclopropene took a longer duration for ripening. The delayed 
ripening was also observed in peaches and apple by Saftner et al. (2003) and Liu et al. (2005) 
when the fruit was subjected to 1- methycyclopropene (1- MCP).   
Montalvo et al. (2007) also observed uniform ripening when the mango fruit of cultivar 
Ataulfo was treated with exogenous ethylene at the rate of 100µL L
-1
 for 12h. In a recent 
study carried out by Tovar et al. (2011), a vacuum of 34KPa was applied to Ataulfo mangoes 
before ethylene gas exposure (500, 1000 and 1500 µL L
-1
) for 30 minutes. Exposure to a 
vacuum did not cause any apparent damage to the fruit but an overall reduction of up to 3 
days in the fruit ripening process was observed. An improved ripening of fruit was also 
observed because of ethylene exposure. 
2.10.3.1 Role of exogenous ethylene in postharvest disease incidence 
The role of ethylene in uniform fruit ripening and colour development is well established but 
there are also reports about the role which this exogenous ethylene application plays in 
increasing or decreasing postharvest decays of fruit under storage. A high incidence of stem 
end rot and fruit softening was observed by Eldon Brown & Lee (1993), Johnson (1993), 
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Eldon Brown & Burns (1998), and Sane et al. (2005) in mango and citrus whereas a low 
incidence of postharvest decays was observed in peaches because of delayed ripening (Liu et 
al. 2005). Johnson  (1992), Johnson et al. (1993), and Flaishman and Kolatrukudy (1994) 
suggested that the reason for increased levels of stem end rot severity in mango is that the 
stem end rot fungi are mostly endophytic in nature. The exogenous ethylene acts as a signal to 
these fungi which then become activated to develop infection in mature ripe fruit under 
storage. 
2.10.4 Use of hot water brushing and 2, 4- dichlorophenoxyacetic acid to avoid stem end 
rot 
Johnson (1993) observed a significant reduction in the incidence of stem end rot caused by 
Dothiorella spp. when the fruit was treated with 2 – 4 dichlorophenoxyacetic acid (2 – 4 D 
amine). However, 2 – 4 D amine was not very efficient in reducing the incidence of stem end 
anthracnose and also less effective in controlling stem end rot as compared to the hot 
benomyl. Johnson (2008) reported that, 2 – 4 D amine helps in delaying abscission of pedicel 
as abscission alllows colonisation of fruit from pedicel into fruit. Significance of 2 – 4 D 
amine in stem end rot management was first observed in citrus where it was used for calyx 
retention to reduce stem end rot in citrus (Johnson, 2008). Kobiler et al. (2001) demonstrated 
that use of 2, 4 - D diluted in wax after hot water brushing and prochloraz application resulted 
in a 50 – 70% reduction of postharvest diseases and is helpful for improving fruit quality 
under long term storage conditions. Disease incidence was reduced from 86 to 10% and 63 to 
12% after 4 weeks of storage at 14
o
C and shelf life of 7 days at 20
o
C when the fruit of 
Tommy Atkins and Keitt cultivars of mango were treated with 2, 4 - D after hot water 
brushing and prochloraz application. 
 
2.11 Effect of rain and temperature 
A study on the effect of rain at the time of fruit harvest, temperature and fruit brushing in 
commercial practices revealed that the fruit treated with a hot benomyl dip for 5 minutes at 
52
o
C showed maximum disease control as compared to that treated for 4.25 minutes at 49.6
o
C 
with varying capacities of commercial tanks. Untreated fruit exposed to rain at the time of 
harvest are considered as having much more exposure to higher inoculum levels which 
resulted in higher infection caused by the pathogens. Brush damage was observed in fruits 
harvested during wet weather and treated with hot benomyl dip at 52
o
C for 5 minutes. 
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Improved disease control was achieved by the application of a prochloraz spray after a hot 
benomyl dip 52
o
C for 5 minutes (Johnson et al. 1991a; Cooke & Johnson 1994). 
As stem end rot of mango has been reported from many countries, research has been done on 
many aspects of pathogen including its nature, aetiology and phylogenetic and morphological 
characteristics of the pathogen. However, limited information is available about the field 
conditions which favour the development of stem end rot. In the case of dendritic spot, no 
information is available about the nature of pathogen causing this disease, mode of infection 
of pathogen and pre and postharvest conditions which favour incidence. It is believed that the 
pathogens which cause anthracnose and stem end rot in mango are also responsible for 
causing dendritic spot as those pathogens were frequently isolated from fruit showing 
dendritic spot symptoms. No studies to determine the relationship of these pathogens with 
dendritic spot are available.  
There is no information available about the pathogenicity of different pathogens isolated from 
dendritic spot symptoms. This lack of information is a major drawback in controlling 
postharvest emergence of dendritic spot in mango. Because of the unknown nature of its 
pathogen and pre and postharvest conditions which favour its occurrence, it seems very 
difficult to adopt any management practice for its control. In this current study, some aspects 
of dendritic spot disease and its pathogen were studied to develop a clear understanding of 
this disease. Pre and postharvest conditions were studied to get a wider picture about the 
factors which are playing role in its occurrence. Also the pathogenicity of different pathogens 
which were isolated from dendritic spot symptoms was studied to pin point which pathogen is 
exactly responsible for this disease. 
A lack of knowledge about different aspects of dendritic spot disease is the major drawback in 
managing this disease. There are certain plant diseases like decline disorders of different trees 
including shisham, aspen and mango and various plant viral diseases in which research played 
a vital role in filling the knowledge gaps and helped in their management. 
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Chapter 3: The effect of bagging on the incidence of dendritic spot and stem end rot 
of mango 
 
3.1 Abstract 
Postharvest fruit diseases in mango are responsible for significant losses in the supply chain 
from farm gate to the consumer. The relationships between disease symptoms and causal 
pathogens are complex. Dendritic spot is possibly caused by Neofusicoccum parvum and 
Colletotrichum gloeosporioides and stem end rot is also caused by N. parvum and 
Lasiodiplodia theobromae. These diseases are a serious postharvest threat to mango fruit after 
prominent disease, anthracnose. Pre-harvest foliar sprays are not sufficient to control 
postharvest losses without adding effective pre-harvest management practices. This study was 
designed to determine the effect of bagging fruit at four different stages of growth on the 
incidence of dendritic spot and stem end rot. Mango cultivars Kensington Pride (KP) and 
R2E2 were used in this study. The experiment was carried out during the 2010, 2011 and 
2012 seasons in Ayr, North Queensland.  The bagging treatment was first applied when the 
fruit were of golf ball size and then at two-week intervals for six weeks. After harvest the fruit 
was stored at 21
o
C to ripen and assessed for the incidence of dendritic spot and stem end rot. 
The three years of data from the study determined that fruit bagging which was carried out at 
the golf ball size stage resulted in lower incidence of dendritic spot and stem end rot as 
compared to that which was carried out at maturity and control fruit. The study suggested that 
the adaptation of management practices at early fruit growth stages can reduce postharvest 
disease incidence under storage. 
Keywords:  Mango, dendritic spot, stem end rot, fruit bagging. 
 
3.2 Introduction 
Mango (Mangifera indica L.) is one of the major horticultural crops in Australia with a 
production in excess of 36,659 tons of fruit recorded for the 2011 mango season (FAO, 2013). 
Kensington Pride (KP) is the main cultivar grown by the Australian mango industry, and most 
favoured by consumers (Bally et al. 1996), with R2E2 second and contributing about 6% of 
the production ( HAL, 2013). Calypso and Honey Gold are two new cultivars contributing 5 - 
10% of Australian mango production (Akem et al. 2010). 
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Of the postharvest diseases that affect mango, the most common are anthracnose, stem end rot 
and for the past two decades, dendritic spot. These diseases affect fruit yield and quality, 
causing severe economic losses to the mango industry (Johnson et al. 1989; Johnson et al. 
1995;  Akem 2006; Cooke & Akem 2007 ).  
Stem end rot is caused by Neofusicoccum parvum (Pennycook & Samuels) Crous, Slippers 
and A.J.L. Phillips and Lasiodiplodia theobromae (Pat.) Griff & Maubl. Symptoms are 
extensive watery necrosis of the fruit pulp in ripe fruit starting at the pedicel and spreading 
throughout the pulp to cause a total decay of the fruit. The initial symptom appears as diffused 
water soaked lesions emerging from the stem end which rapidly become darkly coloured. 
From the initial point of expression, colonization occurs through the fruit flesh and infection 
spreads over the fruit surface within 7 days of storage at 25
o
C (Johnson et al. 1989). 
The major pathogens causing dendritic spot are N. parvum and Colletotrichum 
gloeosporioides (Penz.) Penz & Sacc. in Penz. Dendritic spot symptoms are first seen on ripe 
fruit as small, dark irregular and branched lesions (2 - 5 mm diameter).  Lesions are 
superficially prominent, appearing on any point of the fruit skin, and do not normally extend 
into the flesh. Symptoms generally appear during storage. When the lesions are numerous, 
they disfigure the fruit and reduce marketability (Cooke & Akem 2007 ). 
The occurrence of dendritic spot disease is sporadic with high incidence likely if the crop 
receives considerable rainfall and if high relative humidity prevails during the fruit growth 
period. Only recently has it been considered an emerging postharvest problem, and as yet, no 
significant work has been done to study its epidemiology, disease cycle or the environmental 
factors that favour its incidence (Cooke & Akem 2007). 
Cooke and Akem (2007) proposed that the pathogen(s) which cause stem end rot may also be 
responsible for the development of dendritic spot, but their mode of infection leading up to 
dendritic spot expression are unknown, and different from that of stem end rot. In the case of 
dendritic spot, it has yet to be determined whether they act as an endophyte or are present as a 
fruit surface colonizer prior to disease symptom development.  
Johnson et al. (1993) found that the inocula of the stem end rot pathogens (N. parvum and L. 
theobromae) can be detected from dead branches and twigs and sometimes could be 
recovered from these tissues. The inoculum was also found on leaf debris and mummified 
fruit. Mature fruit which came in contact with contaminated soil during desapping operations 
was also found to develop stem end rot under storage. Rain splash can also transfer inoculum 
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from soil and mummified fruit to other fruit within the canopy. The incidence of stem end rot 
and dendritic spot can be minimized by adopting suitable cultural and management practices 
and sanitation measures such as the removal of dead twigs, branches and mummified fruit 
from beneath trees to minimize the opportunity for inoculum coming into contact with healthy 
fruit (Johnson 2008). 
The role of abiotic factors for instance, rainfall, temperature and relative humidity should not 
be overlooked for postharvest diseases such as stem end rot. Studies on anthracnose showed 
that, temperatures between 25 – 30oC and 95 - 100% relative humidity resulted in higher 
incidence of anthracnose (Fitzell 1984; Dodd et al. 1991; Estrada et al. 1993; Estrada et al. 
1996; Arauz 2000; Estrada et al. 2000; Diedhiou et al. 2007). Postharvest storage temperature 
also has a significant role in the anthracnose and stem end rot disease development (Fitzell 
1984; Johnson et al. 1993; Estrada et al. 2000; Leandro et al. 2003). Though stem end rot 
appears at regular intervals, its incidence can be higher under the same environmental 
conditions as those which favour dendritic spot. High relative humidity before, or at the time 
close to harvest could also be a significant factor in postharvest dendritic spot development. 
There is little information available about dendritic spot epidemiology. 
For better management of postharvest diseases, adoption of pre-harvest crop protection 
practices such as the use of fungicide sprays can help reduce postharvest fruit losses by 
diseases (Johnson 2008). Mango fruit bagging at different growth stages was carried out in 
order to protect the fruit from the exposure to the external disease inoculum to determine any 
change in the incidence of dendritic spot and stem end rot. The objective of this study was to 
determine the time of infection by pathogens causing dendritic spot and stem end rot which 
would identify the best time for fungicide sprays for minimizing the incidence of these 
diseases. 
 
3.3 Material and Methods 
 
3.3.1 Experiment 1 – Progressive application of bags 
3.3.1.1 Experimental site 
All fruit bagging experiments were conducted at the Queensland Department of Agriculture 
and Fisheries Ayr Research Station (19
o
 34‟ 37” S, 147 o 24‟ 28” E) between September and 
December in 2010, 2011 and 2012. Ten mango trees in uniform blocks of cv. KP and R2E2 
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were used for this experiment. The orchard had a history of dendritic spot, stem end rot and 
anthracnose occurrence on harvested fruit. Four bagging treatments and five replications were 
used for each cultivar. All trees in this location were managed without the use of fungicide 
treatments. Other management practices including tree irrigation and fertilization were carried 
out as planned for each season. 
3.3.1.2  Experimental design 
Four bagging treatments were conducted with five replications. Two trees were considered as 
one replicate. Twenty fruit per tree were selected for bagging randomly throughout the tree 
canopy and were bagged with white Japanese paper bags (T 20) supplied by Palmwoods 
Farms & Garden Supplies, Palmwoods, Qld. These bags are considered to have less effect on 
the fruit nutrition, colour and dry matter content as compared to brown paper bags or plastic 
bags (Beasley et al. 1999; Hofman et al. 1999). For Experiment 1 and 2, the fruit were bagged 
at four growth stages, fourteen days apart as listed in Table 3.1. The un-bagged control fruit 
were tagged with flag tape of different colours at the time of each bagging. The same 
procedures were repeated during the 2011 season. During the 2012 season, the procedure was 
modified by considering the fruit height and location in the tree canopy. The fruit was bagged 
on the higher and lower canopy on both eastern and western sides of the tree canopy to 
determine the effect of fruit height and location on the incidence of dendritic spot and stem 
end rot. Relative humidity, average temperature and rainfall data was also collected during the 
2012 season. The purpose of this activity was to study the role of environmental factors in 
disease incidence. For this purpose, the data for relative humidity and temperature was 
monitored every thirty minutes with the help of Smart Logger
® 
portable monitoring weather 
station (Monitor Sensors (Aust.) Pty. Ltd., Caboolture, Australia) mounted at 1.5m height in 
the experimental site. The sensors were placed at 3m height within the upper tree canopy.   
At harvest, bagged fruit were labelled, collected, de-sapped, washed and dried before being 
placed into trays for assessments. The fruit were stored at 21±1
o
C for ripening until the 
appearance of disease symptoms. Disease assessment was carried out when 10% of control 
fruit started showing disease symptoms. During each year of experiment, 15 fruit were 
randomly collected from the 40 bagged fruit for disease assessment after harvest. The same 
numbers of fruit were bagged during the 2011 and 2012 seasons. The fruit of R2E2 are larger 
in size, and only 10 fruit can be placed in a tray so, for each bagging, 10 fruit of R2E2 were 
collected per treatments group (40). 
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Table 3.1:  Bagging treatment days, stages of fruit development and number of 
bagged and un-bagged fruit per plot (two trees) 
Fruit growth 
stage & wt.* 
     2010              2011                  2012 
         (bagging days before harvest) 
No. of fruit 
bagged/ rep. 
No. of fruit un-
bagged/rep. 
Golf ball size 
(30.1 ± 2g) 
Early maturity 
130.7 ± 6.9g) 
Mid maturity 
(210.2 ± 10.1g) 
Maturity 
(336.4 ± 10.1g) 
Harvest 
60 days 
 
39 days 
 
24 days 
 
11 days 
 
1
st
 Dec 
 
 
56 days 
 
42 days 
 
28 days 
 
14 days 
 
30
th
 Nov 
 
 
51 days 
 
37 days 
 
23 days 
 
9 days 
 
18
th
 Dec 
40 
 
40 
 
40 
 
40 
 
15 
40 
 
40 
 
40 
 
40 
 
10 bagged + 
10 un-bagged 
 
*The weight of KP fruit at different growth stages is mentioned in the above table.  
 
3.3.2 Experiment 2 – Progressive application of bags (modified) 
The aim of this experiment was to determine any change in disease incidence level caused by 
un-bagging half of the fruit after two weeks of each bagging treatment. 
3.3.2.1 Experimental site 
This experiment was established during the 2011 season and was repeated in 2012 season 
using different sets of trees within the same KP block as used in Experiment 1. The bagging 
procedure used was a modification to that previously described in Experiment 1, with bags 
removed from half of the fruit of each bagging treatment two weeks later (at the time of next 
bagging). The fruit were bagged at the same growth stages as for Experiment 1. At harvest, 
the fruit were de-sapped, washed, dried and labelled and placed in trays and stored at 21±1
o
C 
for ripening until disease expression in 10% of control fruit. 
3.3.3 Experiment 3 – Application of manually modified bags 
Stem end rot pathogens N. parvum and L. theobromae are endophytic in nature and they could 
colonise the fruit from the pedicel (Johnson, 1993). To determine whether T20 bags are 
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effective in reducing the pathogens activity and result in a lower incidence of stem end rot, an 
experiment was conducted during the 2012 season on KP mangoes with some modifications 
in these paper bags. In all bag treatments, the open end of the bags was tied around the fruit 
pedicel with coloured tie tape. In the first treatment, normal bags with a slit at one side of the 
base were used (Fig. 3.1a). In second treatment, the lower end of the bags was kept open (Fig. 
3.1b). The lower end of the bags was completely closed for the third treatment (Fig. 3.1c) and 
in fourth treatment, holes were made on the area below the knot (Fig. 3.1d). Healthy KP 
mangoes were bagged at early growth stage (golf ball size). For each bag treatment, thirty 
fruit were bagged. The fruit remained bagged throughout the season until harvest. Out of 
thirty bagged fruit, 10 were collected for each bag type for disease assessment. After harvest, 
the fruit was stored at 21±1
o
C. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.1: Mango fruit bagged with manually modified bags (a) a single fruit bagged with 
normal paper bag (b) fruit bagged with open base bag (c) fruit bagged with closed base bag 
(d) fruit bagged with bag having holes. 
 
a 
b 
c 
d 
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3.4 Symptoms appearance and disease assessment 
For each year, the first postharvest assessment was carried out after the control fruit began 
showing symptoms of dendritic spot and/ or stem end rot. The procedure for disease 
assessment was the same for all three experiments. The fruit were assessed using the 
following the disease rating scale proposed by Corkidi et al. (2006) where 1 = 0 – 1%, 2 = 2 – 
5%, 3 = 6 – 9%, 4 = 10 – 49%, 5 = 50 – 100% of fruit surface area infected with disease. 
 
3.5 Statistical analysis 
The data were analyzed by using the GENMOD procedure in the SAS
®
 version 9.3 statistical 
analysis program. Significant differences between the least square means of baggings at 
different times were determined using Wald Chi square tests within the logistic regression 
analysis. Differences were considered significant if P < 0.05.   
 
3.6 Results 
 
3.6.1 Experiment 1 – Progressive application of bags 
3.6.1.1 Incidence of dendritic spot in Kensington Pride mango 
During the 2010 season, the fruit which was bagged at golf ball size stage of growth showed a 
low incidence of dendritic spot (Fig. 3.2). A progressive increase in incidence was observed 
among the fruit which were bagged at later growth stages. A significantly higher incidence of 
dendritic spot was recorded in the control fruit and those which were bagged at mid-maturity 
and full maturity (Fig. 3.2). The protection of fruit at golf ball size stage from the external 
environment effectively reduced the incidence of dendritic spot to a significantly lower level. 
A prolonged exposure of control fruit and the fruit which were bagged at later stages of 
growth to the external environment resulted in higher incidence of dendritic spot (Fig. 3.2). 
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Fig. 3.2: Incidence (%) of dendritic spot 10 days after harvest in Kensington Pride (KP) 
mangoes bagged at four different growth stages during the 2010 season. The means which 
share the same letters are not significantly different at P<0.05 with a sample size of n = 75. 
 
The first appearance of dendritic spot in KP fruit was observed 10 days after harvest in 2011. 
Again, a progressive trend in the disease incidence was observed among the fruit bagged at 
different growth stages and the un-bagged control fruit. Fruit which were bagged at golf ball 
size stage did not produce any dendritic spot symptoms (Fig. 3.3). Low incidence was 
observed among the fruit bagged at early maturity stage. No significant difference was 
observed between the incidence recorded in the fruit bagged at mid-maturity and full maturity 
(Fig. 3.3). A significantly higher incidence was observed in the control fruit. During this 
season, fruit which was bagged at golf ball size and early maturity showed significant 
difference in the incidence of dendritic spot as compared to the control fruit (Fig. 3.3).  
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Fig. 3.3: Incidence (%) of dendritic spot 10 days after harvest in Kensington Pride (KP) 
mangoes bagged at four different growth stages during the 2011 season. The means which 
share the same letters are not significantly different at P<0.05 with a sample size of n = 75. 
 
In the 2012 season, the first symptom of dendritic spot incidence was observed in KP 10 days 
after harvest. This year also a progressive increase in the incidence of dendritic spot was 
observed among the KP fruit bagged at different growth stages (Fig. 3.4).  The fruit bagged at 
golf ball size stage showed significantly lower incidence of dendritic spot (Fig. 3.4). The fruit 
bagged at early maturity developed significantly higher incidence of dendritic spot as 
compared to the golf ball size stage (Fig. 3.4). The incidence was significantly higher as 
compared to the first two growth stages in the fruit bagged at mid-maturity. The highest 
incidence of dendritic spot was observed among the mature fruit and control. According to the 
data, again the fruit bagging at golf ball size stage reduced the incidence of dendritic spot to a 
low level as compared to baggings at later growth stages and control fruit (Fig. 3.4). 
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Fig. 3.4: Incidence (%) of dendritic spot 10 days after harvest in Kensington Pride (KP) 
mangoes bagged at four different growth stages during the 2012 season. The means which 
share the same letters are not significantly different at P<0.05 with a sample size of n = 75. 
 
3.6.1.2 Incidence of dendritic spot in R2E2 mango 
During 2010 season, the fruit of cv. R2E2 started showing dendritic spot symptoms 13 days 
after harvest. A low incidence of dendritic spot was observed in the fruit bagged at golf ball 
size of growth (Fig. 3.5). The fruit which were bagged at mid-maturity and full maturity did 
not show any significant difference in disease incidence (Fig. 3.5).  Control fruit showed the 
highest incidence of dendritic spot as compared to all the bagging treatments. It was observed 
that, in R2E2 cultivar, the fruit which were bagged at golf ball size stage had a low incidence 
of dendritic spot as compared to the fruit bagged at late maturity and also the control fruit 
(Fig. 3.5). 
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Fig. 3.5: Incidence (%) of dendritic spot 13 days after harvest in R2E2 mangoes bagged at 
four different growth stages during the 2010 season. The means which share the same letters 
are not significantly different at P<0.05 with a sample size of n = 50. 
 
The R2E2 fruit bagged during the 2011 season started developing symptoms 13 days after 
harvest. Fruit bagged at golf ball size stage had a significantly lower incidence of dendritic 
spot than mature and control fruit (Fig. 3.6). The fruit bagged at early maturity and mid 
maturity did not show any significant difference between the disease incidences (Fig. 3.6). 
The fruit bagged at maturity stage showed almost equal incidence of dendritic spot as 
compared to the control fruit (Fig. 3.6). 
In this year, a low incidence of dendritic spot occurred in R2E2 cultivar and less than 30% 
control fruit were found infected. But the lowest incidence was recorded in the fruit which 
were bagged at golf ball size of growth stage (Fig. 3.6).   
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Fig. 3.6: Incidence (%) of dendritic spot 13 days after harvest in R2E2 mangoes bagged at 
four different growth stages during the 2011 season. The means which share the same letters 
are not significantly different at P<0.05 with a sample size of n = 50. 
 
The first bagging of cv. R2E2 had the lowest incidence of dendritic spot during the 2012 
season when assessed 13 days after harvest (p< 0.05). The fruit bagged at early and mid-
maturity did not show any significant difference among the incidence of dendritic spot (Fig. 
3.7), whereas, a significantly higher incidence was recorded in the fruit bagged at maturity 
and in the control fruit. A continuous increase in the incidence of dendritic spot was observed 
among the fruit bagged at different growth stages (Fig. 3.7). Disease incidence in the fruit 
which was bagged at maturity was not significantly different from that in control fruit but, it 
was significantly higher than the incidence observed in fruit bagged early and mid-maturity 
and also from the golf ball size stage (Fig. 3.7).  
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Fig. 3.7: Incidence (%) of dendritic spot 13 days after harvest in R2E2 mangoes bagged at 
four different growth stages during the 2012 season. The means which share the same letters 
are not significantly different at P<0.05 with a sample size of n = 50. 
 
3.6.1.3 Incidence of stem end rot in Kensington Pride mango 
In the 2010 season, a significantly lower incidence of stem end rot was observed among the 
fruit bagged at the golf ball size of growth stage in the fruit of cv. KP. Whereas, the fruit 
which were bagged at early maturity and mid maturity did not show a significant difference 
for stem end rot incidence (Fig. 3.8). The fruit which was bagged at full maturity showed a 
significantly higher incidence as compared to the fruit bagged at previous growth stages (Fig. 
3.8). The highest incidence of stem end rot was observed in the control fruit.  The overall 
incidence of stem end rot in fruit bagged at full maturity and control fruit remained about 50% 
during the 2010 season (Fig. 3.8). 
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Fig. 3.8: Incidence (%) of stem end rot 10 days after harvest in Kensington Pride (KP) 
mangoes bagged at four different growth stages during the 2010 season. The means which 
share the same letters are not significantly different at P<0.05 with a sample size of n = 75. 
 
During the 2011 season, the significantly lower incidence (p<0.05) of stem end rot was 
observed in the fruit which was bagged at golf ball size stage when the fruit were assessed 10 
days after harvest (Fig. 3.9). Fruit which were bagged at early maturity and mid maturity 
showed nearly equal incidence of stem end rot but the incidence in these two stages was 
significantly higher than the golf ball size stage (Fig. 3.9). No significant difference between 
the incidence of stem end rot was observed among the fruit bagged at full maturity and the 
control fruit but they had significantly higher incidence than the fruit bagged at golf ball size 
stage (Fig. 3.9). 
 
0%
20%
40%
60%
Golf ball size Early 
maturity
Mid 
maturity
Mature fruit Control
%
 d
is
ea
se
 in
ci
d
en
ce
Fruit growth stages when bagged
a
b
cc
d
65 
 
 
Fig. 3.9: Incidence (%) of stem end rot 10 days after harvest in Kensington Pride (KP) 
mangoes bagged at four different growth stages during the 2011 season. The means which 
share the same letters are not significantly different at P<0.05 with a sample size of n = 75. 
 
The fruit of cv. KP bagged during the 2012 season showed lower incidence (p<0.05) of stem 
end rot in the fruit bagged at the golf ball size stage of fruit growth at the time of first 
assessment 10 days after harvest. A gradual increase in the incidence was observed in the fruit 
bagged at advanced growth stages (Fig. 3.10). The incidence of stem end rot among fruit 
bagged at early maturity and mid maturity was not significantly different (Fig. 3.10). A 
significantly higher incidence of stem end rot was found in the control fruit as compared to 
the fruit bagged at early growth stages (Fig. 3.10).  In 2012, the overall incidence of stem end 
rot in KP remained low as the highest incidence recorded went up to only 40% (Fig. 3.10).  
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Fig. 3.10: Incidence (%) of stem end rot 10 days after harvest in Kensington Pride (KP) 
mangoes bagged at four different growth stages during the 2012 season. The means which 
share the same letters are not significantly different at P<0.05 with a sample size of n = 75. 
 
3.6.1.4 Incidence of stem end rot in R2E2 mango 
During the 2010 season, the first symptoms of stem end rot in the fruit of cv. R2E2 were 
observed 13 days after harvest. The fruit bagged at golf ball size stage showed the lowest 
incidence (p<0.05) of stem end rot which was 3% (Fig. 3.11). The fruit bagged at early 
maturity showed significantly higher incidence than fruit at the golf ball size stage.  No 
significant difference was observed among the fruit bagged at mid-maturity and full maturity 
as both treatments showed similar incidence. The control fruit showed significantly higher 
incidence of stem end rot when compared to the fruit bagged at golf ball size stage and the 
advanced growth stages (Fig. 3.11). 
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Fig. 3.11: Incidence (%) of stem end rot 13 days after harvest in R2E2 mangoes bagged at 
four different growth stages during the 2010 season. The means which share the same letters 
are not significantly different at P<0.05 with a sample size of n = 50. 
 
Fruit bagged at golf ball stage of cv. R2E2 showed lower incidence (p<0.05) of stem end rot 
when assessed 13 days after harvest during the 2011 season (Fig. 3.12). The disease incidence 
in the fruit bagged at mid-maturity and full maturity was of nearly equal levels (Fig. 3.12). 
The control fruit showed greatest incidence of stem end rot (Fig. 3.12). During the 2011 
season, the lowest incidence of stem end rot was found in the fruit which was bagged at the 
golf ball size stage of the growth. The fruit in advanced growth stages showed a gradual but 
continuously increasing pattern of stem end rot incidence (Fig. 3.12). 
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Fig. 3.12: Incidence (%) of stem end rot 13 days after harvest in R2E2 mangoes bagged at 
four different growth stages during the 2011 season. The means which share the same letters 
are not significantly different at P<0.05 with a sample size of n = 50. 
 
During the 2012 season, assessment for the incidence of stem end rot in R2E2 fruit was 
carried out 13 days after harvest. Incidence of stem end rot in fruit of cv. R2E2 remained low 
during the 2012 season. A gradual increase in the incidence was observed among the fruit 
bagged at different growth stages. The fruit bagged at golf ball size stage had low incidence 
while the fruit bagged at mid-maturity and maturity stages did not show significant difference 
(p<0.05) in stem end rot incidence (Fig. 3.13). A significantly high incidence was observed 
among the control fruit (30%)  (Fig. 3.13).  
 
0%
20%
40%
60%
Golf ball size Early 
maturity
Mid maturity Mature fruit Control
%
 s
te
m
 e
n
d
 r
o
t 
in
ci
d
en
ce
Fruit growth stages when bagged
a
bb
c
c
d
69 
 
 
Fig. 3.13: Incidence (%) of stem end rot 13 days after harvest in R2E2 mangoes bagged at 
four different growth stages during the 2012 season. The means which share the same letters 
are not significantly different at P<0.05 with a sample size of n = 50. 
 
The highest incidence of dendritic spot in both cv. KP and R2E2 occurred during the 2010 
season and the lowest incidence was observed during the 2012 season. It was also observed 
that fruit of both cultivars which was bagged at golf ball size always showed significantly 
lower and in some cases, no incidence of dendritic spot than the fruit bagged close to harvest 
and control fruit. During the 2012 season, fruit could not be collected  at the prescribed height 
and location on the tree as most of the fruit was found only on the higher eastern side of the 
tree;  very few fruit could be collected from the lower eastern side and high/ low western side 
of the canopy. Because of the low number of fruit from the western side, it was difficult to 
determine the effect of different heights and location on the incidence of dendritic spot and 
stem end rot.  
The data collected for the incidence of dendritic spot and stem end rot was correlated to the 
data collected about rainfall, relative humidity and average temperature during the 2012 
growing season. No correlation could be determined between the disease incidence data and 
the weather data as there were only four bagging incidences to correlate with a large range of 
weather data. The data was not statistically significant. It was also observed that the mango 
cultivar R2E2 showed slightly lower incidence of dendritic spot and stem end rot as compared 
to KP.   
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3.6.2 Experiment 2 –Progressive application of bags (modified) 
3.6.2.1 Incidence of Dendritic spot 
For Experiment 2, the fruit growth stages assessed were the same as the Experiment 1. A 
higher incidence of dendritic spot was observed among the un-bagged fruit of all three 
bagging treatments and the control fruit (Fig. 3.14). During the 2011 season, the fruit which 
was bagged at golf ball size stage (bagged 1) showed the lower (p<0.05) incidence of 
dendritic spot at the time of first assessment 10 days after harvest. Fruit which was bagged at 
early maturity (bagged 2) showed slightly higher incidence but this was not significantly 
different from the incidence observed among the fruit bagged at golf ball size (Fig. 3.14). The 
fruit bagged at mid-maturity (bagged 3) showed an even higher incidence of dendritic spot 
(Fig. 3.14). The incidence of dendritic spot among the un-bagged fruit of fruit bagged at golf 
ball size and early maturity (un-bagged 1 and un-bagged 2 respectively) was not significantly 
different (Fig. 3.14). Between all the un-bagged treatments, a significantly higher incidence 
was observed among the un-bagged fruit of mid maturity (un-bagged 3). The highest 
incidence was observed among the control which was significantly higher than all the bagged 
and un-bagged treatments (Fig. 3.14). 
 
Fig. 3.14: Incidence (%) of dendritic spot in KP cultivar after bagging and un-bagging at 
different growth stages during the 2011 season. The means which share the same letters are 
not significantly different at P<0.05 with a sample size of n = 80. 
 
During the 2012 season, the fruit bagged at golf ball size (bagged 1) showed the lowest level 
(p<0.05) of dendritic spot incidence (Fig. 3.15). A consistent increase in disease incidence 
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level was observed in the fruit bagged at early maturity, mid maturity and full maturity 
(bagged 2, 3 and 4 respectively). The fruit bagged at golf ball size (bagged 1) had only 2% 
incidence of dendritic spot whereas, the fruit bagged at full maturity (bagged 4) had 30% 
incidence (Fig. 3.15). The un-bagged fruit from all baggings did not show any significant 
difference compared to the control fruit as all the fruit showed almost equal levels of dendritic 
spot incidence (Fig. 3.15). 
 
Fig. 3.15: Incidence (%) of dendritic spot in KP cultivar after bagging and un-bagging at 
different growth stages during the 2012 season. The means which share the same letters are 
not significantly different at P<0.05 with a sample size of n = 80. 
 
3.6.2.2 Incidence of stem end rot 
The fruit of Experiment 2 was also assessed to determine the incidence of stem end rot for 
both 2011 and 2012 season. During the 2011 season, the bagged and un-bagged fruit started 
developing the symptoms of stem end rot 10 days after harvest. A relatively low incidence of 
stem end rot was observed during this year.  It was observed that the bagged and un-bagged 
fruit of golf ball size stage (bagged and un-bagged 1 respectively) had a relatively low 
incidence (p<0.05) of stem end rot (Fig. 3.16). The fruit which was bagged at early maturity 
(bagged 2) showed slightly higher incidence of stem end rot (Fig. 3.16). No significant 
difference was seen in the incidence of stem end rot in the fruit bagged at mid-maturity and 
full maturity (bagged 3 and 4 respectively). In the case of stem end rot, only the golf ball size 
stage showed a relatively lower incidence as compared to the other bagging and un-bagging 
treatments (Fig. 3.16). 
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Fig. 3.16: Incidence (%) of stem end rot in KP cultivar after bagging and un-bagging at 
different growth stages during the 2011 season. The means which share the same letters are 
not significantly different at P<0.05 with a sample size of n = 80. 
 
A low incidence of stem end rot was observed again during the 2012 season. The fruit which 
was bagged at golf ball size and early maturity (bagged 1 and bagged 2 respectively) did not 
show any symptoms of stem end rot when assessed 10 days after harvest (Fig. 3.17). No 
significant difference in the incidence of stem end rot was observed among the fruit bagged at 
mid-maturity and full maturity (bagged 3 and bagged 4 respectively). Among the un-bagged 
fruit, a significantly lower incidence was observed in the fruit which was bagged at golf ball 
size for two weeks and then remained un-bagged throughout the period of the experiment 
until harvest incidence as compared to the other un-bagged treatments (Fig. 3.17).  
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Fig. 3.17: Incidence (%) of stem end rot in KP cultivar after bagging and un-bagging at 
different growth stages during the 2012 season. The means which share the same letters are 
not significantly different at P<0.05 with a sample size of n = 80. 
 
3.6.3 Experiment 3 - Application of manually modified bags 
The KP fruit which were bagged with manually modified bags did not show any significant 
difference in the incidence of stem end rot. All types of modified bags were found equally 
effective against stem end rot and resulted in low incidence (data not shown). The isolations 
were carried out from the fruit showing stem end rot symptoms. Most frequently isolated 
fungus was N. parvum.  
 
3.7 Discussion 
Dendritic spot was previously confused with tear stain and also called as pepper spot disease 
but later, it was found that it was different from the pepper spot (Anderson et al. 2013). The 
previous studies on lychee pepper spot mentioned the appearance of this disease under field 
conditions and isolation of Colletotrichum spp. from the pepper spot infected fruit (Anderson 
et al. 2013).  Field appearance of pepper spot was reported in lychee whereas, in case of 
dendritic spot of mango, no field incidence has been reported yet and the fungus N. parvum is 
also considered as major causal organism of this disease along with C. gloeosporioides. This 
disease mainly emerges as a postharvest problem. From this study, the role of biotic (fungal 
inoculums) and abiotic factors was also determined upon the incidence of dendritic spot and 
stem end rot. From the data collected during three years of study it was observed that early 
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adoption of protective measures should help reduce the postharvest infection of these 
diseases. In Experiment 1, it was observed that fruit bagging at an early growth stage 
significantly reduced the incidence of both dendritic spot and stem end rot during all three 
years of this study. In case of both diseases, generally, bagging was found not very effective 
in reducing the incidence when the fruit was bagged at mid and late maturity. Fruit which was 
bagged at an early growth stage and remained protected from the external environment for 
longer always showed a lower incidence of symptoms while, fruit which was bagged close to 
harvest mostly showed higher incidence of dendritic spot and stem end rot as compared to the 
fruit bagged at early growth stages. In some cases, fruit bagged at full maturity showed 
similar incidence of both dendritic spot and stem end rot to that of the un-bagged control fruit. 
In Experiment 1, it was also observed that fruit which was bagged at a very early growth stage 
mostly showed a low incidence of stem end rot. The previous studies carried out by Hofman 
(1998) determined the vital role of climatic factors in the development of stem end rot. 
Johnson (2008) reviewed that frequent rainfall and high humidity during the growth season 
resulted in high losses caused by stem end rot. To determine the role of different climatic 
factors in the incidence of dendritic spot and stem end rot, rainfall, temperature and relative 
humidity data were collected during this study (data not shown). The relationship between 
rainfall and incidence of stem end rot could not be determined as no rainfall activity was 
observed 24 – 48 hours prior to any bagging during the 2012 season. As during the 2010 
season, fruit which was bagged 24 hours after rainfall started quickly showing symptoms of 
stem end rot as compared to other bagging treatments. Average temperature remained above 
30
o
C during all three seasons of the experiment, and the most frequently isolated fungus from 
stem end rot infected fruit was N. parvum. Johnson (1993) determined that high storage 
temperatures can promote different stem end rot fungi to cause disease. It was observed that 
when the fruit was stored at 13
o
C, N. parvum was the most frequently isolated organism from 
mango infected with stem end rot while L. theobromae was frequently isolated from fruit 
stored at 30
o
C. So it is suggested that, field temperature can play a role in promoting different 
stem end rot causing fungi. Very little rainfall occurred throughout the 2012 season which 
possibly resulted in non-significant correlation between rainfall and the incidence of stem end 
rot among the bagged and control fruit. No significant correlation was found as there were 
only four bagging events against the whole range of weather data. Heavy rainfall and high 
relative humidity was experienced during the 2010 mango season and dendritic spot disease 
pressure was higher during that year. The maximum rainfall recorded for 2010 year was more 
than 300mm during whole season. Relatively dry weather prevailed during the 2011 and 2012 
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seasons. Maximum rainfall recorded was less than 50 mm during each of the 2011 and 2012 
seasons and the recorded data showed low disease pressure.  
It was concluded from the study that adoption of management practice at the time of the onset 
and early growth stages of fruit, even under the low rainfall activity and low relative 
humidity, can reduce disease pressure. A higher incidence of stem end rot was observed under 
frequent rainfall activity and higher relative humidity reviewed by Johnson (2008). During the 
2010 season, this study showed that stem end rot incidence can be reduced to a low level by 
adopting suitable management practices (pre harvest fungicides sprays to control anthracnose 
and bacterial black spots may reduce the incidence of stem end rot, tree pruning for improved 
ventilation and spray penetration can also be helpful in managing stem end rot) despite 
frequent rainfall and the prevalence of high relative humidity conditions during the growth 
season. 
It was also observed in Experiment 2 that when fruit at the golf ball size stage of growth were 
bagged for two weeks avoiding any exposure to the external environment, there was low 
incidence of both dendritic spot and stem end rot during the 2011 and 2012 seasons. However, 
fruit from the first bagging which was un-bagged after two weeks and remained exposed for 
the remaining period of the experiment prior to harvest showed a high incidence of dendritic 
spot during first year of Experiment 2. During the 2011 season, a higher incidence of stem 
end rot was also observed among the fruit of the first bagging which was un-bagged after two 
weeks. But a lower incidence in the un-bagged fruit of the first bagging was observed during 
the 2012 season.  From this study, it was concluded that early fruit maturity is the stage when 
the pathogens of either dendritic spot or stem end rot start colonizing the fruit. The adoption 
of suitable management practices at this growth stage can help reduce the risk of fruit 
pathogen interaction resulting in low postharvest incidence of these diseases as observed in 
previous studies (Hofman et al. 1999; Johnson 2008). 
The occurrence of dendritic spot and stem end rot can also be affected by the fruit location 
and height on the tree (Johnson 2008).  In the earlier study carried out by Johnson (1993), the 
fruit which was collected from the higher tree canopy facing the eastern side had a higher 
incidence of stem end rot as compared to the fruit collected from the lower western side of the 
tree. In the case of dendritic spot, fruit which was collected from the eastern side of the tree 
produced more dendritic spot as compared to fruit collected from the western side of the tree 
after the application of fungicide spray (Johnson 2008). To investigate the role of fruit height 
and location for this study, during the 2012 season fruit was bagged at upper and lower levels 
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of the tree canopy and also on the eastern and western sides of the tree. No significant 
difference in disease incidence in the fruit collected from different heights and locations could 
be found as most of the fruit was collected from the higher eastern canopy because of low 
fruit yield and presence of fruit mostly on one side of the tree. Very few fruit could be bagged 
at the lower tree canopy and on western side because of low yield during that season. At 
harvest, most of the fruit from lower tree canopy and western side dropped because of natural 
abscission and also because of wind. So the comparison between different fruit positions and 
locations was not possible. 
The stem end rot pathogens N. parvum and L. theobromae are endophytic in nature. The 
pathogens are present within the tree and colonize the fruit during its growth period and 
remain quiescent in the mature fruit. They become active after the fruit starts ripening under 
storage conditions at particular temperatures and starts developing the symptoms of stem end 
rot (Johnson et al. 1993). Apparently, any change in the fruit‟s external environment during 
the growth period should not affect the pathogen activity to a great extent.  However, Hofman 
et al. (1997) found that a long duration of fruit bagging in mango cv. Keitt resulted in reduced 
severity of anthracnose and stem end rot. The similar results were obtained from the data 
collected from Experiment 3 where the Japanese T20 paper bags were manually modified to 
determine the effect of different bags on the incidence of stem end rot (data not shown). The 
KP fruit was bagged at golf ball stage (51 days prior to harvest) of growth by using manually 
modified bags. The fruit remained bagged throughout the season. It was observed that all 
types of modified bags resulted in reduced pathogen activity after harvest, all types of bags 
resulted in low incidence of stem end rot. It was assumed from this observation that the paper 
bags are playing their role in changing the microclimate of fruit resulting in reduced pathogen 
activity to cause disease. 
Efficacy of bagging in improving fruit quality, aroma volatiles, and skin colouration was 
studied in different fruits including apple, lychee, longan and peach (Tyas et al. 1998; Yang et 
al. 2009; Jia et al. 2005). Bagging can also help to reduce fruit exposure to air borne disease 
inoculum. Bagging also provides a shelter to fruit against runoff of waterborne inoculum 
down to fruit. Li et al. 2014 described apple fruit bagging as a standard production practice to 
avoid insect pests and waterborne pathogens. Fruit bagging can also play an important role in 
enhancing fruit resistance against disease as Hofman (1997) suggested that, bagging of fruit 
for longer duration during its development may have increased natural resistance of fruit by 
enhancing antifungal compound activities resulting in lower incidence of postharvest diseases. 
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It was concluded from the disease incidence data collected during three years of study that 
R2E2 is more resistant to dendritic spot and stem end rot. Hassan (2006) reported KP and 
Keitt as a resistant cultivars against anthracnose because of the presence of higher 
concentrations of alk(en)ylresorcinols in sap and peel when unsprayed fruit of these cultivars 
was inoculated with C. gloeosporioides to determine the fruit resistance against postharvest 
diseases. Whereas, other cultivars including R2E2, Kent, Calypso and Honey gold were found 
susceptible to anthracnose. He also found that, the residues of systemic fungicide Amistar
® 
(azoxystrobin) can also result in lower incidence of postharvest anthracnose. In the present 
study, the unsprayed fruit was used for bagging so there can be a possibility that, the presence 
of alk(en)ylresorcinols resulted in lower incidence of stem end rot and dendritic spot in R2E2 
as compared to KP.  Use of proper management practices during early fruit growth stages can 
result in lower incidence of postharvest diseases and will result in better fruit quality and less 
yield losses. As KP is more susceptible to postharvest diseases, the early adoption of 
management practices can also help reduce postharvest fruit losses.  
This study was also helpful in determining the nature of the dendritic spot pathogen. From the 
results of three years of bagging experiments, it was concluded that, the dendritic spot 
pathogen can be an endophyte but the possibility of airborne or soilborne inoculum cannot be 
neglected as in case of stem end rot, the pathogens act as an endophyte (Johnson, 1993). 
There is also evidence of the soilborne nature of stem end rot pathogens as the fungi were 
found on dead twigs, branches and mummified fruit present under trees (Johnson, 1993). 
Johnson (2008) reviewed that, the inoculum of dendritic spot can also be airborne in nature as 
a restricted superficial symptom development was observed rather  than the actual stem end 
rot symptoms when the unwounded healthy fruit of mango was inoculated with the stem end 
rot pathogens.   
Johnson (2008) reviewed that the influence of climatic conditions in the growing area could 
not be ascertained, but the role of abiotic factors is not negligible in the occurrence of 
dendritic spot and stem end rot. A comprehensive study is required to correlate the changes in 
temperature, rainfall and relative humidity with the incidence of stem end rot and dendritic 
spot. To study the incidence of dendritic spot and stem end rot, the fruit position and location 
on the tree and tree location within the orchard should also be considered as an important 
parameter as suggested in previous studies.  
The age of trees and orchard also cannot be neglected while managing stem end rot and 
dendritic spot. A higher incidence of stem end rot was observed among the trees which were 
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more than twenty years of age and also among old and stressed orchards (Johnson, 2008). 
Johnson (2008) reviewed that, fruit in lower lying parts of orchards which retain dew for 
longer have higher levels of postharvest disease incidence. Similarly, fruit which comes from 
higher eastern tree canopy were dominantly found affected by stem end rot. 
For the Australian mango industry, bagging of fruit is commercially not an economic practice 
as it is labour consuming and very expensive. But, by this practice it is possible to find out the 
correct and more appropriate timing for field sprays which can help reduce the cost of an 
extensive spray program and will result in lower postharvest losses. As stem end rot 
pathogens mostly act as endophytes and the inoculums of Colletotrichum sp. associated with 
dendritic spot may come from anthracnose lesions and dead tissues of other plant parts, it is 
therefore recommended to avoid any fruit collection and de-sapping after harvest under the 
tree canopy. Suitable pre-harvest field management practices include timely application of 
nitrogen and fungicidal application and also total removal of pathogen inoculums can help 
reducing the postharvest incidence of stem end rot and improving shelf life of mango (Kazmi 
et al. 2014).  
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Chapter 4: Incidence of stem end rot and anthracnose of mango in Punjab, Pakistan
  
 
4.1 Abstract 
Postharvest diseases of mango are a major concern of Pakistan as for other mango growing 
countries. Anthracnose (caused by Colletotrichum gloeosporioides) has established its status 
as a known postharvest problem of Pakistani mangoes while stem end rot (caused by 
Lasiodiplodia theobromae Pat.) is emerging as another postharvest disease to be addressed for 
the benefit of growers and exporters. Chaunsa is an economically important cultivar often 
subject to issues of fruit quality and reduced shelf life because of postharvest diseases like 
anthracnose and stem end rot. Conventional orchard management practices used by local 
farmers over the years, and improper fruit handling methods could possibly be playing their 
role in disease prevalence. The present study was designed to compare the effect of improved 
orchard management practices against conventional practices on disease incidence. Three 
districts of Punjab Province - Rahim Yar Khan, Multan and Khanewal - were selected for 
sample collection and evaluations. Two orchards with both improved and conventional 
practice blocks were selected in each district. Fruit were collected from both blocks for 
postharvest disease assessment. The results showed that incidence of anthracnose was 
generally lower than for stem end rot in samples from both blocks of each district. However, 
overall incidence of both anthracnose and stem end rot was lower in fruit from improved 
practice blocks than in farmers practice block. Results of this study suggest that adoption of 
improved orchard management practices not only improves fruit yield and quality, but can 
also result in better disease management which will improve fruit marketability for local and 
export markets.    
Keywords: mango postharvest diseases, improved and conventional orchard management 
practices. 
 
4.2 Introduction 
Mangifera indica L., commonly known as mango, is the second most important fruit crop for 
Pakistan after citrus. Pakistan is the fifth largest mango producer in the world (Ghafoor et al. 
2010). Mango production plays an important role in the country‟s economy. Pakistan –
produces 917,000 tons of mangoes annually (Shaheen et al. 2015). Major mango producing 
areas in Pakistan are located in Punjab and Sindh a province where a subtropical climate 
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prevails which is required for the survival and development of mango trees (Hassan et al. 
2002). Mangoes from Pakistan are well known for their taste. Popular cultivars of mango such 
as Sindhri, Langra, Chaunsa, Dusehri and Anwar Ratol are prominent among hundreds of 
other cultivars cultivated in Pakistan because of consumer preference for their aroma and taste 
(Hussain et al. 2002). 
The main mango cultivar grown in Punjab is Chaunsa, which is selected for international 
export especially to the Middle East and Europe (Ghafoor et al. 2010). This cultivar is also 
popular in local markets as well because of its taste. However, its fruit is susceptible to 
postharvest spoilage before it arrives on the international market and there is a need to 
improve orchard management and postharvest fruit handling. Certain improved agronomic 
practices are required not only to improve its production but also its shelf life (Anwar et al. 
2008). 
Like all mango growing countries, postharvest fruit spoilage is a major concern of the 
Pakistan mango industry. These diseases result in reduced economic profits by affecting fruit 
quality and marketability. Anthracnose is a serious postharvest disease of mango in Pakistan 
and stem end rot is emerging as another postharvest disease which also causes fruit spoilage 
in storage, along with Aspergillus and Alternaria rots (Jabbar et al. 2011).  
Improper picking of mature fruit from the tree, poor handling of fruit for de-sapping and 
washing, inadequate packaging material, poor storage and transportation facilities are some 
major factors which play their role in postharvest disease incidence and are a hurdle for 
extensive export of Pakistani mangoes to Europe and other parts of the world. Poor quality 
fruit results in low prices for Pakistani mangoes on the international fruit market (Bakhsh et 
al. 2005; Akhtar et al. 2009). 
In Pakistan it is necessary to improve orchard management and mango handling after 
harvesting to provide quality fruit for local and export purposes. Improved orchard 
management programs have begun in Sindh and the Punjab, but are at initial stages and only 
in a few orchards. The purpose of this management is to meet the World Trade Organization 
(WTO) requirements for mango fruit export by the farmers who are planning to export their 
fruit. So it is necessary to increase the interest of farmers in mango fruit export and their 
attention should be directed towards the adoption of improved agricultural/agronomical 
practices for orchard management and proper fruit handling at the time of harvest (Mazhar et 
al. 2011).  
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Keeping in mind all these considerations, and the education of farmers to improve their 
orchard management practices for better production and export, the Australian Centre for 
International Agricultural Research (ACIAR) is conducting a project in mango growing areas 
of Pakistan in collaboration with the Pakistan Agriculture Research Council (PARC). The 
project: “Development of Integrated Crop Management Practices to Increase Sustainable 
Yield and Quality of Mangoes in Pakistan and Australia” falls under the Agricultural Sector 
Linkages Program (ASLP).  The objectives of this project were to educate farmers and to 
encourage them in the adoption of better production practices, development of resistant 
cultivars of mango and to establish clean nurseries for the availability of disease free healthy 
propagating material (ASLP, 2006 - 13).  For this purpose, mango orchards are being selected 
at different sites of certain districts of Sindh and Punjab. Improved integrated management 
practices blocks were established in the same orchard where farmers are already using their 
conventional management practices. This study was carried out to determine the effectiveness 
of improved integrated management practices with farmers‟ conventional practices and also to 
study the effect of these practices in minimizing postharvest disease incidence. The purpose 
of this practice is to encourage farmers to adopt better orchard management practices and to 
discourage intercropping in mango orchards for high quality yield to improve not only the 
local market profits but to improve export performance.  
The present investigation was focused in Punjab only and on the cultivar Chaunsa, during the 
mango growing season of 2012. The main focus of this study was to investigate any change in 
incidence of postharvest diseases in demonstration blocks using improved management 
practices compared to farmers‟ conventional practices in Chaunsa cultivar of mango. The 
objectives of the study were to determine the prevalence and incidence of postharvest diseases 
(anthracnose and stem end rot) of mango fruits in demonstration blocks with improved 
agronomic practices and in farmers‟ blocks with conventional practices, to study the 
associated pathogens of anthracnose and stem end rot of mango. 
 
4.3 Materials and Methods 
The present study was carried out during June to August 2012 with the main focus on 
anthracnose and stem end rot of Chaunsa cultivar of mango from different districts of Punjab.  
4.3.1 Study Sites 
Three mango growing districts of Punjab Province namely Rahim Yar Khan (28.41° N, 
70.30° E), Multan (30.19° N, 71.46° E) and Khanewal (30.30° N, 71.93° E) were selected for 
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sample collection (Fig. 4.1). They are considered as the main mango growing districts in 
Punjab. Different orchards were selected for research purposes and improved integrated 
management practices blocks have been established on them. Samples were selected from two 
types of blocks on each farm: demonstration blocks and farmers‟ practices blocks. 
 
©  Courtesy of Water Management Resources Institute (WRRI), NARC, Islamabad, Pakistan               
Fig.4.1: Satellite map of selected sites of Punjab for sampling. 
 
Sample collection commenced in Rahim Yar Khan district as the mango harvest first begins 
here. Sampling from districts Multan and Khanewal was carried out one week later. The 
details of selected orchards in these three districts are as follows: Rahim Yar Khan orchard 1 
area: 142 ha, orchard 2 area: 60 ha, Multan orchard 1 area: 66 ha, orchard 2 area: 121 ha, 
Khanewal orchard 1 area: 40 ha, orchard 2 area: 28 ha. The demonstration blocks were 
established on a 1ha area of each farm. These blocks generally consisted of 25 – 35 trees. 
These orchards had not only begun implementing improved integrated management practices 
but had also initiated improved fruit grading systems. The integrated and conventional 
management practices used in the mango orchards are described in Table 4.1. 
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Table 4.1: Integrated and conventional management practices for mango orchards 
Integrated practices Farmers Practices 
Disease management by recommended foliar 
sprays of fungicides at different fruit growth 
stages. 
Pest arthropod management by using 
pesticides. 
Nutrient management by annual application 
of NPK. 
Use of cultural practices (irrigation, pruning, 
weeding, soil nutrient analysis. 
Irregular foliar sprays. 
 
 
Irregular use of pesticides. 
 
Non consistent use of fertilizers. 
 
Minimum use of cultural practices   
 
4.3.2 Sampling procedure and sample size 
At each block, three trees were randomly sampled. From each tree, twenty apparently healthy 
looking, green, mature fruit were collected throughout the tree canopy using sharp secateurs 
(Fig. 4.2).  The fruit were collected in collection baskets, labelled and brought to the packing 
shed for further processing. A total of 120 fruit were collected from each orchard (60 fruit 
from each block). 
 
Fig.4.2: Fruit harvesting with attached stem. 
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4.3.3 Fruit handling 
The harvested fruit was de-sapped by using a 5% lime solution (15 litres water + 5 g CaCO3). 
This is the common practice used by farmers in almost all areas of Punjab for quick de-
sapping of Chaunsa fruit. The harvested fruit were dipped in the lime solution for 5 minutes 
then washed with a 0.01% detergent solution followed by washing with fresh water and 
rubbing to remove dirt and lime deposits (Fig. 4.3). The de-sapped and washed fruits were 
placed on clean benches for air drying. The dried fruit were packed in cardboard packing 
boxes and labelled. Samples from demonstration blocks and farmers‟ blocks were packed in 
separate boxes.  
Packed fruit was transported to the Environmental Mycology and Ecotoxicology Laboratory, 
Department of Environmental Sciences, Fatima Jinnah Women‟s University, Rawalpindi 
where evaluation for anthracnose and stem end rot was carried out. Sample fruit was kept at 
23
o
C for 5 - 7 days for ripening.  
 
Fig.4.3: Lime de-sapping of mango fruit. 
 
4.4 Assessment of incidence of stem end rot and anthracnose 
Disease assessment was carried out 10 days after harvest to observe the postharvest symptoms 
of stem end rot and anthracnose. Data was collected from both blocks to determine the 
incidence of stem end rot and anthracnose of different sampling districts (Fig. 4.4). Disease 
assessment was done by following a 1 – 5 rating scale proposed by Corkidi et al. (2006) as 
described in Chapter 3.  
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Fig.4.4: (a) Chaunsa fruit showing anthracnose (b) stem end rot symptoms. 
 
4.5 Statistical analysis 
The disease incidence data were analysed by applying General Linear Model test by using 
statistical program Minitab 16. The differences were considered significant when P< 0.05 
with a sample size of n = 60. 
 
4.6 Fungal isolation and identification 
Isolations were carried out from fruit showing symptoms of stem end rot and anthracnose to 
confirm the presence of causal pathogens. For this purpose, diseased fruit were surface 
sterilized by spraying with 95% (v/v) methylated spirit and were allowed to air dry in a 
laminar flow chamber. Small sections were taken from the growing edges of disease 
symptoms using a sterile scalpel and were placed on PDA plates. Four isolations were carried 
out from each fruit. The plates were then incubated at 25
o
C after wrapping with Parafilm until 
the appearance of fungal growth. Fungal identification was carried out by using a compound 
microscope at 400X magnification. The fungi were identified on the basis of colony colour, 
mycelial colour and shape of conidia as described in previous studies carried out by Sanders 
and Korsten (2003) and Alves et al. (2008).  
 
 
a b 
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4.7 Results 
 
4.7.1 Assessment of prevalence and incidence of stem end rot and anthracnose 
None of the sampling sites was found to be disease free.  Prevalence of stem end rot and 
anthracnose was not only recorded district - wise, but also in different blocks established in 
selected mango orchards. Data was taken from two sites of each district and 100% prevalence 
of both diseases was observed in all of the sampled sites. 
4.7.2 Incidence of stem end rot in demonstration and farmers’ practices blocks of 
different orchards in Punjab 
Stem end rot was observed in demonstration blocks and farmers‟ practices blocks in all three 
districts. Incidence of stem end rot was higher than anthracnose in almost all samples. Fig.4.5 
indicates that the overall incidence of stem end rot was higher in farmers‟ blocks as compared 
to demonstration blocks in all districts. The overall trend showed that improved management 
practices block of orchard 1 of Khanewal district showed lower incidence of stem end rotting 
Chaunsa mango than the rest of both improved and farmers‟ practices blocks in Punjab (Fig. 
4.5). 
 
Fig. 4.5:  Incidence of stem end rot in different orchards ofKhanewal (KHW), Multan (MUL) 
and Rahim Yar Khan (RYK) districts of Punjab. The whitebars show the incidence in 
improved demonstration blocks and grey bars in farmers‟ block (n = 60). 
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There were no significant differences when the data was analysed to compare different 
orchards. The only significant difference was observed when the results of the farmers‟ block 
of an orchard were compared with the demonstration block of the same orchard for each 
district. It seemed that all the orchards showed similar levels of stem end rot incidence as both 
orchards of each district were located in the same geographical conditions. Likewise, no 
significant difference was observed in the comparison of level of disease incidence between 
both orchards of each district (Fig. 4.5). 
4.7.3 Incidence of anthracnose in demonstration and farmers’ practices blocks of 
different orchards in Punjab 
The results showed that the mango orchards selected for sampling for this study were affected 
more by stem end rot, while the incidence of anthracnose was low. The fruit collected from 
farmers‟ blocks from each orchard showed relatively higher incidence of anthracnose as 
compared to those collected from demonstration blocks (Fig. 4.6).  These results were similar 
for all the three districts of Punjab. 
 
Fig. 4.6: Incidence of anthracnose in different orchards of Khanewal (KHW), Multan (MUL) 
and Rahim Yar Khan (RYK) districts of Punjab. The whitebars show the incidence in 
improved demonstration blocks and grey bars in farmers‟ blocks (n = 60). 
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overall data of both orchards of Khanewal showed comparatively low incidence of 
anthracnose in both blocks of orchard 1 as compared to orchard 2 (Fig. 4.6). 
4.7.4 Fungi isolated from diseased mango 
The most frequently isolated fungi from diseased fruit with stem end rot and anthracnose were 
L. theobromae and C. Gloeosporioides sensu lato respectively. These fungi were isolated 
from all four isolation points. Grey to black coloured colonies of L. theobromae were 
observed in isolations done from stem end rot symptoms on mango fruit (Fig. 4.7b). The 
white coloured colonies with fluffy mycelial growth of C. gloeosporioides were observed 
from the isolations carried out from fruit showing anthracnose (Fig. 4.7a). The colonies then 
turned to an orange colour after 20 – 25 days of growth. Fungal taxonomy was confirmed by 
making slides in lactophenol blue and observed at 400X magnification using a light 
microscope.  
 
 
 
 
 
 
Fig 4.7: Fungi isolated from stem end rot and anthracnose symptoms (a) L. theobromae (b) C. 
gloeosporioides. 
 
The most frequently isolated fungus from stem end rot was L. theobromae from all the 
samples collected from both blocks of the orchards of all the three districts. The remaining 
fungi were mostly identified as Aspergillus niger which is known to cause Aspergillus rot in 
mango. The fungus C. gloeosporioides was isolated from fruit showing anthracnose with the 
presence of A. niger in the orchards of all three targeted districts of Punjab. The details of 
fungi isolated from the fruit showing stem end rot and anthracnose and other rots are 
presented in Table 4.2. 
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93 
 
Table 4.2: Fungi isolated from the fruit infected with stem end rot, anthracnose and 
other rots in different districts of Punjab  
District  Orchard Symptoms on fruit  Fungi isolated 
Rahim Yar Khan 1 Stem end rot 
Anthracnose 
L. theobromae 
C. gloeosporioides 
 2 Stem end rot 
Anthracnose 
L. theobromae 
C. gloeosporioides 
Multan  1 Stem end rot 
Anthracnose 
L. theobromae 
C. gloeosporioides 
 2 Stem end rot 
Anthracnose 
Aspergillus rot 
L. theobromae 
C. gloeosporioides 
A. niger 
Khanewal 1 Stem end rot 
Anthracnose 
Aspergillus rot 
L. theobromae 
C. gloeosporioides 
A. niger 
 2 Stem end rot 
Anthracnose 
Aspergillus rot 
L. theobromae 
C. gloeosporioides 
A. niger 
 
4.8 Discussion  
Postharvest diseases are a major impediment to the export of Pakistani mangoes to the 
international market because of fruit losses and poor quality. The reason that farmers did not 
pay attention to the improvement of orchard management practices could be due to lack of 
knowledge, farmers‟ interest in other crops they grow in mango orchards, financial crises and 
non-availability of resources to attain better orchard management (facilities and machinery for 
pruning and pesticide sprays) (Khushk & Smith 1996; Saleem et al. 2010). 
Results of the present study confirmed the status of stem end rot and anthracnose as 
postharvest problems of Chaunsa cultivar of mango in Pakistan. These diseases are present 
not only in farmers‟ blocks but also in demonstration blocks of all orchards. The orchards 
selected for this study supply mangoes not only to local markets but also export fruit to 
international markets. Some management practices such as application of regular foliar sprays 
of fungicides, fertilizer application, appropriate fruit cultivars, regular application of 
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pesticides and use of some cultural practices such as weeding and pruning were carried out in 
farmers‟ blocks as well.  
This study was designed to investigate the effectiveness of demonstration blocks using 
improved management practices compared to farmers‟ conventional practices in minimising 
the incidence of postharvest diseases in Chaunsa cultivar of mango. Improved practices 
include proper tree pruning after harvest, timely application of recommended fungicides and 
insecticides, rescheduling of orchard irrigation and fertilization, use of proper procedures for 
fruit harvest, de-sapping and packing, adequate storage facilities for fruit at required 
temperature and sufficient means of fruit transport.  Conventionally, farmers normally do not 
pay much attention to their mango orchards. The main reason for this is that the fruit crop is 
annual, and to fulfil household expenses, farmers prefer to do intercropping in mango 
orchards with sugarcane, maize and other short term crops. They also cultivate fodder for 
livestock.  
Demonstration blocks were established during the year 2011 by the ASLP mango project 
team. The results of this study showed that adoption of improved management practices 
influenced the disease incidence (Fig. 4.5, Fig. 4.6). All blocks, either demonstration blocks 
or farmers‟ blocks, showed significant incidence of postharvest diseases. High incidence of 
both diseases was found even in demonstration blocks of all orchards which could be because 
these blocks were only established during the year 2011 and it will take some time to reduce 
the disease pressure in these blocks.  
The conventionally managed orchards there were not maintained properly and appeared to be 
ignored. No orchard sanitation or management practices were observed in these orchards. The 
demonstration block also showed high disease incidence which could be the result of this long 
term neglect. The orchards of Multan showed an intermediate incidence of stem end rot and 
anthracnose which lie between the incidence levels of Khanewal and Rahim Yar Khan (Fig. 
4.5, Fig. 4.6). The conventionally managed orchards were maintained to some extent by using 
proper management practices and proper harvesting and fruit grading. 
A low incidence of postharvest disease was observed in the orchards of Rahim Yar Khan 
where the orchards are satisfactorily maintained. The recommended improved practices have 
been implemented in orchard 1. This orchard is not only supplying fruit to domestic markets 
but also planning to export fruit. The orchard is equipped with a proper fruit grading system 
and follows the recommended procedures for fruit harvest and packing.    
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Postharvest fruit spoilage due to these diseases can be remarkably reduced by maintaining 
proper care of mango orchards in Pakistan as is clear from the results of the present study. 
Considerably higher incidence of stem end rot was observed in all the conventionally 
managed farmers‟ blocks of different districts (Fig. 4.5). Improper handling of fruit at the time 
of harvest can also be a reason for higher incidence of stem end rot (personal observation of 
mango samples collected from demonstration and farmers‟ block of mango orchards in Sindh 
for the same activity). The fruit were handled carelessly at the time of harvest. The overall 
results of improved management practices in demonstration blocks of all orchards are 
satisfactory or show minimal disease incidence. These results can be helpful in encouraging 
farmers in the adoption of improved management practices.  
Intercropping in mango orchards with crops with extensive need for water during their growth 
period is causing severe damage to mango orchards (Usman et al. 2003). Low yield and poor 
quality of mango could be a result of improper irrigation as flood irrigation is a common 
practice in mango orchards. Poor sanitation under the tree canopy also helps inoculum build 
up as the inoculum of stem end rot and anthracnose can survive on dead leaves and twigs and 
attacks young fruit when it comes in contact due to rain splashes (Johnson, 1991). Usually, 
long sticks have been used in mango orchards of Sindh and Punjab for harvest. Tree branches 
have been shaken with the help of these sticks to make fruit fall to the ground for collection 
(personal observations during mango field visits 2012). When mature fruit comes in contact 
with contaminated soil under the tree due to falling, it might be infected with postharvest 
disease inoculum which may result in disease appearance under storage and at the time when 
fruit reaches market (both local and international).  Fruit contact with contaminated soils can 
be a cause of postharvest disease problems especially stem end rot in mango (Johnson 1991; 
Coates et al. 1993; Johnson et al. 1993; Ramos et al. 1997).   
The present investigations concluded that the adoption of improved integrated management 
practices can minimise postharvest disease incidence and can produce better quality fruit 
which will result in better economic profits not only in domestic markets of Pakistan but also 
in international markets. 
Pakistani mango growers need to adopt improved postharvest practices for fruit handling and 
packaging to avoid losses in market. Adequate storage and transportation facilities can also be 
helpful in minimising losses.  
Several postharvest techniques (fruit harvesting at mature green stage with attached stem, de-
sapping while avoiding the fruit contact with soil can reduce the incidence of stem end rot to a 
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reasonable level. Fruit storage after harvesting at proper temperatures is also effective for not 
only increasing the shelf life of mango but also for minimising fruit losses caused by 
postharvest diseases. There is a lack of proper storage facilities not only in the vicinity of 
mango orchards but also in the markets. Growers with large orchards are now establishing 
fruit grading systems. They are also concerned about the adoption of recommended orchard 
management practices.  
Pakistani mango orchards lack field sanitation resulting in higher incidence of anthracnose 
and stem end rot. Trees in the orchards are planted densely, and generally, removal of dead 
branches, mummified fruit and other debris under the trees is not practiced. A lower incidence 
of anthracnose and stem end rot occurred in the demonstration blocks, where field hygiene 
measures were practiced. Incidence of both diseases can be lowered with continuation of 
appropriate field hygiene measures (Kazmi et al. 2014). 
 Proper storage is required especially for the fruit transported to long distance domestic 
markets. Proper transportation is another constraint in the mango trade. Growers and 
exporters are deprived of an adequate supply chain, inland transport, cargo, processing and 
packing facilities (Akhtar et al. 2009).  For better production of mangoes in Pakistan, there is 
a need to educate farmers to adopt better management practices to achieve better production. 
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Chapter 5: The effect of postharvest treatments on the incidence of dendritic spot and 
stem end rot in Kensington Pride (KP) mangoes 
 
5.1 Abstract 
Hot fungicidal dips have been demonstrated to be an effective postharvest management 
strategy to control stem end rot. Fruit exposure to exogenous ethylene for early ripening is a 
common practice used by many mango growers in Queensland, Australia. As postharvest 
diseases emerge after fruit ripening, hastened maturity may also hasten the development of 
stem end rot and dendritic spot. A study was designed in collaboration with a commercial 
mango orchard to determine the influence of hot fungicidal dips and ethylene exposure on the 
incidence of these two diseases during the 2010 and 2012 mango seasons. Mature mango fruit 
(cv. Kensington Pride) were used for this study. These two treatments were applied to fruit in 
the following combinations:1. hot fungicidal dip,2. exogenous ethylene gassing, 3. hot 
fungicidal dip followed by exogenous ethylene gassing, and 4. untreated control fruit. During 
the 2010 season, the highest incidence of dendritic spot was observed among the untreated 
control fruit and the fruit which was exposed to the exogenous ethylene. The incidence of 
dendritic spot and stem end rot was lower in the fruit treated with exogenous ethylene than the 
untreated control fruit during 2012 season. The hot fungicidal dip treatment and dipping 
followed by gassing showed zero to minimal incidence of dendritic spot and stem end rot. The 
study confirms the effectiveness of hot fungicidal dips followed by exogenous ethylene 
exposure to hasten fruit readiness and prolong market shelf life. 
Keywords: Postharvest hot fungicidal dips, exogenous ethylene exposure, mango fruit, 
dendritic spot, stem end rot. 
 
5.2 Introduction 
Mangifera indica L., commonly known as mango, belonging to the family Anacardiaceae, is 
mostly grown in tropics and subtropics with mango production in Australia reported as 36,659 
tons during 2011 (FAO, 2013). The crop is prone to various postharvest diseases among 
which anthracnose is common (Dinh et al. 2003). After adopting appropriate management 
practices for the suppression of anthracnose to minimum levels, stem end rot and dendritic 
spot emerge as serious diseases of mango (Johnson et al. 1995; Cooke & Akem 2007 ). 
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Dendritic spot mainly caused by Neofusicoccum parvum (Pennycook & Samuels) Crous, 
Slippers and A.J.L. Phillips, and Colletotrichum gloeosporioides (Penz.) Penz & Sacc. in 
Penz. is reported only from Australia. It is a sporadic disease which occurs at irregular 
intervals. The symptoms first appear as dark coloured, irregular, branched spots which are 2 -
5 mm in diameter on the fruit skin. The infection remains restricted to the skin and does not 
affect the fruit pulp (Cooke & Akem 2007) however, it gives an undesirable appearance to 
fruit and results in low marketability. Stem end rot is reported to be caused by N. parvum 
(Pennycook & Samuels) Crous, Slippers and A.J.L. Phillips, and Lasiodiplodia theobromae 
(Pat.) Griff & Maubl. in Australia and other countries including USA, Pakistan, Thailand, 
Burma, Ceylon, Mauritius and the Philippines (Johnson et al. 1989b; Johnson et al. 1993; 
Amin et al. 2011; Jabbar et al. 2011). The disease appears as a watery necrosis which 
develops in mature mango fruit mainly after harvest, when the fruit starts ripening. The fruit 
pedicle acts as a starting point of infection from where it progresses towards the flesh and 
results in complete fruit decay. Rapid decay of fruit occurs within days after infection 
development (Johnson et al. 1989a).  
The use of exogenous ethylene for fruit ripening is a common practice used by many mango 
growers in Queensland, Australia. Mature fruit is exposed to ethylene for 48 hours after 
harvest. Postharvest hot fungicidal dips are also common practice in order to suppress 
diseases. Previously, hot benomyl dipping was considered an effective treatment against 
anthracnose and stem end rot (Muller & Burt 1989).  After the prohibition of the use of this 
fungicide on food commodities, fludioxonil (Scholar
®
) is now recommended for the 
management of postharvest diseases under storage conditions (Swart et al. 2002). In mango a 
5 minute dip of harvested mature fruit in a hot fungicidal solution (52
o
C) can reduce disease 
incidence up to 90% under storage conditions. The use of fludioxonil has been shown to cause 
a reduction in incidence of stem end rot and anthracnose (Akem et al. 2010). It is a protectant, 
contact and low risk fungicide which inhibits fungal spore germination and mycelial growth, 
and therefore minimizes postharvest disease incidence for considerable duration under storage 
(Swart et al. 2002).  
Mango fruit is climacteric in nature. It ripens after harvest under storage conditions. After 
harvest, mature green mangoes in storage produce low amounts of ethylene which helps in 
ripening and colour development; however, the exposure of mature fruit to exogenous 
ethylene can trigger this ripening process and give fruit a more uniform yellow colour (Burg 
& Burg 1961; Hofman et al. 2001; Montalvo et al. 2007; Tovar et al. 2011). Ethylene 
facilitated ripening of fruit favours its quick marketing which can help reduce postharvest 
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spoilage.  However, this accelerated fruit ripening also increased the incidence of stem end rot 
of mangoes when fruit is stored at higher temperatures (Johnson 1993). In the case of other 
climacteric fruits such as peaches, the use of exogenous ethylene resulted in reduced 
postharvest decay (Liu et al. 2005). However, the incidence and severity of these diseases in 
different climacteric fruits may be encouraged or inhibited after the exposure to exogenous 
ethylene (Saftner et al. 2003). As stem end rot fungi are endophytic in nature, they become 
activated to develop disease symptoms once the fruit is ripe (Johnson et al. 1992; Johnson et 
al. 1993; Flaishman & Kolatrukudy 1994). Previous studies showed that, citrus stem end rot 
caused by Diplodia natalensis was enhanced when the fruit was exposed to ethylene (Eldon 
Brown & Lee 1993; Eldon Brown & Burns 1998). There is a possibility that the use of 
ethylene may also stimulate fungi to develop postharvest diseases in mature and ripe fruits 
and hence, shorten the shelf life of mango. 
Pre and postharvest disease management is required to minimize the incidence of dendritic 
spot and stem end rot in Kensington Pride (KP) mangoes. Integrated field management 
practices during the fruit growth period and recommended postharvest practices can provide 
better management of diseases to avoid losses (Swart et al. 2006). Fruit exposure to 
exogenous ethylene and hot fungicidal dips are the common postharvest practices used by 
Australian growers before fruit is transport to local markets. The effect of hot dips in 
minimizing the postharvest disease incidence is well known. The use of exogenous ethylene 
for early fruit ripening has also been determined by previous studies carried out by Burg & 
Burg (1961), Hofman et al. (2001), and Tovar et al. (2011). Various fungicides have been 
tested either alone or in combination with other fungicides for minimizing the postharvest 
diseases (Dodd et al. 1991). Similarly, an increase in the ripening process of different fruits 
following the use of ethylene was also studied in comparison with ripening inhibitors like 1 – 
methylchloropropene and fruit storage at different temperatures (Johnson, 1993; Hofman et. 
al. 2001; Liu et al. 2005).  
The studies on fruit ripening by ethylene indicated the changes in the level of incidence of 
stem end rot. However, there is little information available on the effect of hot fungicidal dips, 
especially of fludioxonil and exogenous ethylene on the incidence of dendritic spot in mango. 
There is a need to determine the outcome of hot fungicidal dipping with fludioxonil in 
combination with exogenous ethylene treatment on mango.  
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5.3 Materials and methods 
5.3.1 Sample collection 
Mature, green, healthy fruit of Kensington Pride (KP) were collected from a commercial 
mango orchard near Giru, north Queensland (19
o
 31‟0” S, 147o 0” E). The orchard was 996 
hectares in area and had a previous history of stem end rot incidence. During the 2010 season, 
1 foliar spray of Liqui-cop (Cu ammonium complex) for the control of anthracnose was 
carried out in the orchard followed by 1 spray of Octave ( 46% w/w prochloraz) for stem end 
rot, 3 sprays of Mancozeb, 2 sprays of Manzate ( 75% w/w mancozeb) and Amistar ( 23.1% 
w/w azoxystrobin). During 2012 season, 1 spray of Amistar
®
 and 2 sprays of Mancozeb were 
applied in the orchard. Five trees were randomly selected and from each tree, eighty fruit were 
collected. The fruit were de-sapped, washed and packed in trays before subjecting them to 
postharvest treatments. Each tray had twenty fruit and constituted a replication of the 
treatment.  
5.3.2 Postharvest fruit treatments 
The fruit was subjected to following combinations of postharvest treatments: (a) hot 
fungicidal dip of fludioxonil, (b) hot fungicidal dip of fludioxonil followed by exogenous 
ethylene exposure, (c) exogenous ethylene exposure and (d) untreated control.  Each 
treatment was replicated five times. 
5.3.3 Hot fungicidal dip and exogenous ethylene gassing 
The fungicide fludioxonil was applied by immersing the fruit in a fungicide solution at the 
commercial rate of 120ml per 100l of water at 52°C for 5 minutes. After dipping in hot 
fungicide, 200 fruit were packed in trays and transported to a commercial facility for the 
application of exogenous ethylene. The ethylene was applied at the commercial rate of 10ppm 
for 48hrs using a trickle ethylene injection system with continuous venting at the commercial 
facility during both seasons. After the application of treatments, the fruit was stored at 21±1
o
C 
for ripening and symptom expression. The control fruit were not exposed to any treatment 
prior to storage. The exogenous ethylene treatment was carried out on the day following the 
hot fungicide treatment. 
Assessment of the incidence of dendritic spot and stem end rot on mature ripe fruit was 
carried out after disease symptom expression. During the 2010 season, a total of 5 
assessments were carried out for both dendritic spot and stem end rot incidence while 3 
assessments were carried our during 2012 season. First appearance of dendritic spot and stem 
end rot was observed after 5 days of storage at 21 ± 1
o
C during the 2010 mango season and 8 
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days of storage in 2012 season. Disease assessment was carried out using a 0 – 5 rating scale 
proposed by (Corkidi et al. 2006) as described in Chapter 3. The scale was modified to rate 
dendritc spot incidence. The modified scale was as follows: 1 =  0 – 5% area infected near the 
fruit pedicle, 2 = 6 – 10% area infercted, 3 = 11 – 15% area infected, 4 = 16 – 20% area 
infected and 5 = 21 – 25 % fruit area infected with dendritic spot. 
 
5.4 Statistical analysis 
Data were analyzed by using the SAS® 9.3 statistical analysis program. Significant 
differences between the least square means of all treatments were tested by applying binary 
logistic regression and the Chi square test of proportions. All the tests were significant at P 
<0.05 with a sample size of n = 400.  
5.5 Results 
5.5.1 Incidence of dendritic spot in the fruit exposed to different treatments 
During the 2010 season, a total of five assessments (5, 7, 10, 12 and 14 days of storage) were 
carried out for dendritic spot as the fruit which was exposed to exogenous ethylene and the 
untreated control fruit started developing symptoms 5 days post storage while the fruit of 
other treatments did not produce any symptoms (Fig. 5.1). At the 5
th
 day of storage, a 
significantly higher incidence of dendritic spot was observed among the gassed fruit whereas, 
the control fruit showed comparatively low incidence (Fig. 5.1). 
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Fig. 5.1: Incidence of dendritic spot 5 days after storage during 2010 season. Postharvest 
treatments were: hot fungicidal dip, hot fungicidal dip followed by exogenous ethylene, 
exogenous ethylene and untreated control fruit. The mean disease incidence were considered 
significant if P < 0.05 with a sample size of n = 100. 
The fruit were assessed again 7 days post storage for the incidence of dendritic spot. At the 
time of second assessment, the fruit treated with hot fungicidal dip only and hot fungicidal dip 
followed by exogenous ethylene remained unaffected (Fig. 5.2). Whereas, 100% incidence of 
dendritic spot was observed in the fruit which was exposed to exogenous ethylene alone (Fig. 
5.2). A slow increase in the disease incidence was observed in the untreated control fruit.   
 
Fig. 5.2: Incidence of dendritic spot 7 days after storage during 2010 season. Postharvest 
treatments were: hot fungicidal dip, hot fungicidal dip followed by exogenous ethylene, 
exogenous ethylene and untreated control fruit. The mean disease incidence were considered 
significant if P < 0.05 with a sample size of n = 100. 
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The third assessment of treated fruit was carried out 10 days after storage. At this time, almost 
all fruit of treatments other than gassing alone was ripened and had started developing 
dendritic spot infection (Fig. 5.3). The only treatment which did not produce any symptoms of 
dendritic spot 10 days after storage was the hot fungicidal dip treatment. The fruit which was 
treated with hot fungicidal dip followed by exogenous ethylene exposure also started 
producing the dendritic spot symptoms but the incidence was significantly lower as compared 
to the fruit exposed to exogenous ethylene alone and the untreated control fruit.   
A higher incidence of dendritic spot was observed in the untreated control as well at the time 
of third assessment as most of the fruit was ripe at that time and thus started producing the 
disease symptoms (Fig. 5.3). However, the highest incidence of dendritic spot was recorded in 
the fruit exposed to exogenous ethylene alone (Fig. 5.3).   
 
Fig. 5.3: Incidence of dendritic spot 10 days after storage during 2010 season. Postharvest 
treatments were: hot fungicidal dip, hot fungicidal dip followed by exogenous ethylene, 
exogenous ethylene and untreated control fruit. The mean disease incidence were considered 
significant if P < 0.05 with a sample size of n = 100. 
 
During the latter assessments, which were carried out 12 and 14 days of storage, the fruit 
treated with hot fungicidal dip alone remained unaffected with dendritic spot. The fruit from 
the hot fungicidal dip followed by exogenous ethylene exposure did not show any increase in 
the incidence of dendritic spot compared to that recorded at the time of third assessment. The 
untreated control fruit also showed the maximum incidence of dendritic spot as observed in 
the fruit exposed to exogenous ethylene alone as compared to the other two treatments (data 
not shown).   
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During the 2010 season, hot fungicidal dip alone was determined as the most effective 
treatment against dendritic spot as no disease symptoms appeared in this treatment. The hot 
fungicidal dip followed by exogenous ethylene also proved to be an effective treatment with 
very low disease incidence observed. These results demonstrated that, exogenous ethylene 
gassing was not effective in suppressing the postharvest incidence of dendritic spot as the fruit 
from this treatment produced similar incidence to that recorded in the untreated control fruit. 
The experiment was terminated 14 days post storage after the fruit became over ripe. 
During the 2012 season, the dendritic spot symptoms began appearing on fruit after 8 days of 
post treatment storage. Only three assessments for dendritic spot incidence were carried out 
during 2012 season because of the late onset of fruit and early ripening. This season was 
relatively dry as compared to 2010 season and a low incidence of both diseases was observed 
in both treated and untreated control fruit. No incidence of dendritic spot was observed on the 
fruit treated with hot fungicidal dip alone and hot fungicidal dip followed by the exogenous 
ethylene exposure when the fruit were assessed 8 days after storage (Fig. 5.4).  
 
Fig. 5.4: Incidence of dendritic spot 8 days after storage during 2012 season. Postharvest 
treatments were: hot fungicidal dip, hot fungicidal dip followed by exogenous ethylene, 
exogenous ethylene and untreated control fruit. The mean disease incidence were considered 
significant if P < 0.05 with a sample size of n = 100. 
 
A significantly higher incidence of dendritic spot was observed in the untreated fruit 8 days 
after storage. The fruit treated with exogenous ethylene alone also developed dendritic spot 
but the incidence was lower than the untreated control fruit (Fig. 5.4). 
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The fruit were assessed again 10 days after storage for the incidence of dendritic spot. This 
time again, no incidence was recorded in the fruit treated with hot fungicidal dip alone and hot 
fungicidal dip followed by exogenous ethylene (Fig. 5.5). The untreated control fruit showed 
a significant increase in the incidence of dendritic spot. The incidence in the untreated control 
fruit remained higher than the fruit treated with exogenous ethylene alone (Fig. 5.5). 
 
Fig. 5.5: Incidence of dendritic spot 10 days after storage during 2012 season. Postharvest 
treatments were: hot fungicidal dip, hot fungicidal dip followed by exogenous ethylene, 
exogenous ethylene and untreated control fruit. The mean disease incidence were considered 
significant if P < 0.05 with a sample size of n = 100. 
 
The third assessment of fruit for dendritic spot incidence was carried out 13 days after 
storage. It was observed that, the fruit which was treated with hot fungicidal dip followed by 
exogenous ethylene exposure started showing the symptoms of dendritic spot while no 
incidence was observed earlier (Fig. 5.6). The incidence of dendritic spot was significantly 
lower in the fruit of hot fungicidal dip followed by exogenous ethylene exposure treatment as 
compared to the gassed only and untreated fruit where 30 – 40% of dendritic spot was 
observed (Fig. 5.6). 
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Fig. 5.6: Incidence of dendritic spot 13 days after storage during 2012 season. Postharvest 
treatments were: hot fungicidal dip, hot fungicidal dip followed by exogenous ethylene, 
exogenous ethylene and untreated control fruit. The mean disease incidence were considered 
significant if P < 0.05 with a sample size of n = 100. 
 
At 13 days after storage, the only treatment which was effective against dendritic spot 
incidence was hot fungicidal dip alone as the fruit of this treatment did not produce any 
symptoms of dendritic spot (Fig. 5.6). The exogenous ethylene treatment did not reduce the 
incidence of dendritic spot. 
The incidence of dendritic spot was very high during the 2010 season as compared to the 
2012 season. During 2010, 300mm of rainfall was recorded in the mango growing season 
while only 50mm of rainfall was recorded for 2012 season. The high rainfall activity probably 
resulted in a higher incidence of dendritic spot. 
5.5.2 Incidence of stem end rot in the fruit exposed to different treatments 
In the 2010 season, the incidence of stem end rot was also assessed in all treatments. The fruit 
of all the treatments except the exogenous ethylene exposure alone were unripe 5 days after 
storage. However, the majority of fruit from the exogenous ethylene treatment was ripe and 
started producing stem end rot symptoms. No symptoms of stem end rot were observed after 5 
days of storage in fruit dipped in hot fungicide alone, in fruit dipped in hot fungicide followed 
by ethylene gassing and in untreated control fruit. However, fruit that were not hot dipped in 
fungicide and only ethylene gassed, started showing stem end rot symptoms after 5 days of 
storage (Fig. 5.7).   
0
10
20
30
40
50
Dipped Dipped+Gassed Gassed Untreated
%
 d
en
d
ri
ti
c 
sp
o
t 
in
ci
d
en
ce
Postharvest treatments
a
b
c
d
109 
 
 
Fig. 5.7: Incidence of stem end rot 5 days after storage during 2010 season. Postharvest 
treatments were: hot fungicidal dip, hot fungicidal dip followed by exogenous ethylene, 
exogenous ethylene and untreated control fruit. The mean disease incidence were considered 
significant if P < 0.05 with a sample size of n = 100. 
 
After 7 days of storage, fruit treated with exogenous ethylene alone showed a slightly higher 
incidence of stem end rot while the other three treatments did not develop any stem end rot 
symptoms (Fig. 5.8).  
 
 
Fig. 5.8: Incidence of stem end rot 7 days after storage during 2010 season. Postharvest 
treatments were: hot fungicidal dip, hot fungicidal dip followed by exogenous ethylene, 
exogenous ethylene and untreated control fruit. The mean disease incidence were considered 
significant if P < 0.05 with a sample size of n = 100. 
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After 10 days of storage, the fruit from the other treatments also started to ripen. The fruit 
from the other three treatments i.e. hot fungicidal dip, hot fungicidal dip followed by 
exogenous ethylene exposure and untreated control fruit also started developing the symptoms 
of stem end rot but the incidence was significantly lower than fruit treated with exogenous 
ethylene gassing (Fig. 5.9). The incidence of stem end rot in fruit treated with hot fungicide 
alone did not differ significantly from untreated control fruit.  After 10 days storage the 
incidence of stem end rot in fruit treated with exogenous ethylene alone was significantly 
higher than other treatments. When the fruit were assessed 12 days after storage, no 
significant difference in incidence was observed in the hot fungicidal dip and untreated 
control treatments. Whereas, the incidence remained higher in the fruit which was exposed to 
exogenous ethylene only. 
 
Fig. 5.9: Incidence of stem end rot 10 days after storage during 2010 season. Postharvest 
treatments were: hot fungicidal dip, hot fungicidal dip followed by exogenous ethylene, 
exogenous ethylene and untreated control fruit. The mean disease incidence were considered 
significant if P < 0.05 with a sample size of n = 100. 
 
After 14 days of storage, a significantly higher incidence of stem end rot was recorded in the 
fruit exposed to exogenous ethylene treatment. Whereas, the fruit treated with hot fungicidal 
dip followed by exogenous ethylene exposure and the untreated control fruit did not show any 
significant difference in the incidence of stem end rot (Fig. 5.10). The fruit which was treated 
with hot fungicidal dip alone showed significantly lower incidence of stem end rot as 
compared to the fruit treated with exogenous ethylene exposure (Fig. 5.10). 
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Fig. 5.10: Incidence of stem end rot 14 days after storage during 2010 season. Postharvest 
treatments were: hot fungicidal dip, hot fungicidal dip followed by exogenous ethylene, 
exogenous ethylene and untreated control fruit. The mean disease incidence were considered 
significant if P < 0.05 with a sample size of n = 100. 
 
During the 2012 season, stem end rot was assessed three times, the first of which was after 8 
days of storage. After 8 days of storage there were no symptoms of stem end rot observed in 
the fruit dipped in hot fungicide alone and in the fruit dipped in hot fungicide followed by 
exogenous ethylene gassing (Fig. 5.11). However, 4% fruit displayed stem end rot symptoms 
in the exogenous ethylene alone and in untreated control fruit treatments (Fig. 5.11).  
 
Fig. 5.11: Incidence of stem end rot 8 days after storage during 2012 season. Postharvest 
treatments were: hot fungicidal dip, hot fungicidal dip followed by exogenous ethylene, 
exogenous ethylene and untreated control fruit. The mean disease incidence were considered 
significant if P < 0.05 with a sample size of n = 100. 
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After 10 days of storage no symptoms of stem end rot appeared in the fruit dipped in hot 
fungicide alone and in the fruit dipped in hot fungicide followed by exogenous ethylene 
gassing (Fig. 5.12). However, a significantly higher incidence was noticed in the untreated 
control fruit compared to the fruit treated with exogenous ethylene alone (Fig. 5.12).  
 
Fig. 5.12: Incidence of stem end rot 10 days after storage during 2012 season. Postharvest 
treatments were: hot fungicidal dip, hot fungicidal dip followed by exogenous ethylene, 
exogenous ethylene and untreated control fruit. The mean disease incidence were considered 
significant if P < 0.05 with a sample size of n = 100. 
 
After 13 days of storage, a significantly lower incidence of stem end rot was observed in the 
fruit dipped in the hot fungicide alone while a significantly higher incidence was found in the 
fruit dipped in hot fungicide followed by exogenous ethylene gassing. These two treatments 
showed a significantly lower incidence of stem end rot compared to the exogenous ethylene 
only and untreated control treatments (Fig. 5.13). No significant difference in the incidence of 
stem end rot was observed in the fruit treated with exogenous ethylene alone and the untreated 
control fruit. The results of the 2012 season showed that hot fungicidal dipping of mature fruit 
resulted in low stem end rot incidence. The hot fungicidal dip followed by exogenous 
ethylene was also found to be effective in minimizing the incidence to some extent. But the 
exogenous ethylene alone was found ineffective in reducing the stem end rot incidence (Fig. 
5.13).   
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Fig. 5.13: Incidence of stem end rot13 days after storage during 2012 season. Postharvest 
treatments were: hot fungicidal dip, hot fungicidal dip followed by exogenous ethylene, 
exogenous ethylene and untreated control fruit. The mean disease incidence were considered 
significant if P < 0.05 with a sample size of n = 100. 
 
5.6 Discussion 
From the current study, it was determined that the use of exogenous ethylene without the hot 
fungicidal dip with fludioxonil can result in the early appearance of stem end rot and dendritic 
spot diseases in mature fruit under storage as a result of early ripening. During the 2010 
season, there was frequent rainfall throughout the growing season until harvest. It was noted 
that, during the 2010 season, the fruit which was treated with exogenous ethylene alone 
showed early emergence of both dendritic spot and stem end rot. Higher incidence was 
observed in the fruit treated with exogenous ethylene alone when it was assessed following 5 
and 7 days of storage after the treatments as it started ripening early. Most of the untreated 
control fruit ripened 10 days after storage and started showing higher incidence of dendritic 
spot and stem end rot. In the later assessments, the incidence of dendritic spot and stem end 
rot was not significantly different from the untreated control fruit. Hot fungicidal dipping with 
fludioxonil appeared to be the only effective treatment for the management for dendritic spot 
as the fruit treated with this fungicide did not produce any symptoms. 
Pre-harvest fungicidal application can also be helpful in minimizing the postharvest incidence 
of both dendritic spot and stem end rot along with postharvest fruit treatments. During the 
2010 season, the trees were subjected to pre-harvest fungicidal sprays and it was observed 
that, the fruit which were treated with postharvest hot fungicidal dip with fludioxonil had low 
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incidence of both dendritic spot and stem end rot in spite of a relatively wet season. The 
incidence of these diseases was zero to very minimal during 2012 season which was noted as 
dry as compared to 2010 season. 
Johnson (1993) noted that the hastened ripening of fruit helps in early marketing which may 
result in lower disease incidence level as a result of a reduced time interval required for 
ripening but can cause high incidence of stem end rot in case of long fruit storage. On the 
other hand, this early ripening can also play a role in the early emergence of postharvest 
diseases even before the arrival of fruit in the wholesale market (Sommer 1982; Sane et al. 
2005). 
It was observed that wet weather conditions prevailed throughout the 2010 mango growing 
season. Frequent rainfall and high humidity during the growing season favour the anthracnose 
and stem end rot pathogens causing severe incidence of these diseases (Johnson, 2008). The 
higher levels of dendritic spot and stem end rot in the fruit treated only with exogenous 
ethylene during 2010 may have resulted from the more conducive conditions for these 
pathogens. As more than 300mm of rainfall was recorded during the whole growing season. 
Exogenous gas application resulted in hastened fruit ripening. That early ripening most likely 
stimulated the pathogens to start the infection process. It would be interesting to know if 
exogenous ethylene hastened conidial germination in the absence of fruit.  Perhaps there is 
more than one reason for elevated and early infection. 
Concurrent with early ripening there may have been a decline in constitutive antifungal 
compounds which could lead to the „breaking of latency‟ of the quiescent infections of the 
fungi causing dendritic spot, and the development of symptoms. (The „infection process‟ 
would have occurred much earlier in process spore germination/infection hypha etc. that leads 
to a quiescent infection. In case of Neofusicoccum we don‟t know what happens). Previous 
studies carried out by Flaishman and Kolatrukudy (1994) showed that the use of ethylene to 
promote fruit ripening acts as a signal for latent pathogens of anthracnose to become active 
and cause disease.  Other studies on citrus and cucumber found higher incidence of stem end 
rot and anthracnose respectively after exogenous ethylene treatment (Biles et al. 1990; Eldon 
Brown & Lee 1993). However, a lower incidence of stem end rot in mango was observed in 
exogenous ethylene treated fruit as compared to control fruit when ripening and quality 
responses of avocado, custard apple, mango and papaya were studied after 1 – 
methycyclopropene treatment (Hofman et al. 2001). 
In the past, different fungicides including benomyl and mancozeb were recommended for 
postharvest hot fungicide dips (Muller & Burt 1989; Meah 2000; Almada-Ruiz et al. 2003) 
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but benomyl (Benlate
®
) and carbendazim are no longer in use on mango because of 
manufacturer‟s withdrawal of registration, fludioxonil (Scholar®) is now the recommended 
fungicide for mango postharvest dips. The results showed that the fruit which was treated with 
hot fungicidal dip of fludioxonil alone and a hot fungicidal dip followed by ethylene gassing 
had no disease to very low disease levels during both years of the study. This fungicide 
effectively reduced the postharvest incidence of dendritic spot and stem end rot when applied 
alone and in combination with the exogenous ethylene application.  
From this study it is clear that the utility of fludioxonil for postharvest disease management is 
significant even in the case of low field incidence or under dry weather conditions. The use of 
a hot fungicidal dip of fludioxonil in dry growing conditions can facilitate the effective 
reduction of postharvest incidence of stem end rot and dendritic spot as observed during 2012 
season when mostly dry conditions prevailed during the fruit growing period. Application of 
exogenous ethylene on mature fruit for uniform and quick ripening is useful and profitable, 
but it can results in higher fruit losses if the fruit needs to be stored for long periods before 
transportation to the market (Johnson, 1993). Hot fungicidal dip of fludioxonil appeared to be 
the most effective postharvest management practice in terms of low disease incidence.  
Singh et al. (2013) described an increase in autocatalytic production after the treatment of 
mango with exogenous ethylene as compared to non-treated fruit. Ethylene is mostly known 
as a stress hormone, and if it is produced under stress conditions such as chilling 
temperatures, flooding, drought and exposure to chemical compounds, it can trigger fungal or 
viral infections in plants. Ethylene production under stress conditions often results in infection 
development in plants (Ashley, 2014). An increased stress ethylene production is responsible 
for enhancing postharvest diseases emergence in a number of fruit crops including apple, 
peach, papaya and mango which result in adverse quality losses of these fruit crops (Ansari & 
Tuteja, 2014). The adverse effects of stress ethylene on fruits can be reduced by using 1 –
MCP which helps in reducing ethylene production and results in long shelf life of fruits.  
Although Johnson (2008) also reported that high rainfall activity is associated with higher 
incidence of dendritic spot but there can be other possible reasons which may play their role 
in disease development. Higher incidence of dendritic spot might happens due improved 
conditions for production, release and movement of inoculum and prevalence of favourable 
environmental conditions for longer duration which may help in occurrence of infection. 
However, reduction in fruit surface wax levels can also promote infection development as 
observed in case of apple where fungus causing sooty blotch did not grow on any epicuticular 
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wax (Belding et al. 2000). In case of mango, banana, papaya and avocado, (Muirhead, 1974) 
observed that benomyl readily penetrated in the cuticle of banana and papaya and proved as 
effective cold dip against diseases. A significant reduction in anthracnose levels was observed 
when benomyl was used in hot water or oil or when was acidified with hydrochloric acid. 
The use of exogenous ethylene is a regular postharvest practice used by the growers. By 
keeping in view the results of this study, there is a need for wise planning for the application 
of exogenous ethylene on mature mango fruit by considering the previous weather conditions 
during the growing season. As wet weather conditions favour the pathogens to cause severe 
postharvest diseases, the use of exogenous ethylene alone can result in a higher incidence of 
postharvest diseases due to early ripening. The application of exogenous ethylene gas in 
combination with a hot fungicidal dip preferably with fludioxonil (Scholar 
®
) can reduce the 
chances of higher incidence under storage.  
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Chapter 6: Pathogenicity, geographical distribution and phylogenetic study of 
dendritic spot and stem end rot fungi 
 
6.1 Abstract 
Dendritic spot has emerged as a recent postharvest challenge to mango growers and 
researchers. The disease appears under postharvest storage conditions. It is only reported from 
Australia, and is becoming a serious threat to the mango crop in addition to anthracnose and 
stem end rot. A number of fungi have been isolated from fruit infected with dendritic spot. 
The geographical distribution and pathogenic status of the fungi found to cause dendritic spot 
have not been studied in detail. Although a range of fungi have been isolated from dendritic 
spot symptoms, Colletotrichum gloeosporioides and Neofusicoccum parvum (causing 
anthracnose and stem end rot respectively) are considered as potential causal agents of 
dendritic spot as well. No information is available about the phylogenetic relationship of C. 
gloeosporioides and N. parvum isolated from either stem end rot or dendritic spot. To better 
understand the role of these fungi in the occurrence of dendritic spot, a study was designed to 
determine the geographical distribution of different dendritic spot fungi, their pathogenic 
status and the phylogenetic relationships of Colletotrichum spp. and Neofusicoccum spp. 
isolates collected from dendritic spot and stem end rot symptoms. The results of the study 
determined that C. asianum, C. siamense, N. parvum and N. occulatum are the most dominant 
fungi associated with dendritic spot symptoms in the mango orchards of Northern Territory 
and North and Southeast Queensland. These fungi were also the most virulent pathogens of 
dendritic spot as compared to Alternaria sp. and Lasiodiplodia theobromae. The study of ITS 
and EF – α1 regions determined all stem end rot and dendritic spot isolates were as N. parvum 
and N. occulatum. The isolates of Colletotrichum collected from dendritic spot symptoms 
were identified as C. gloeosporioides, C. asianum and C. siamense. 
Keywords: dendritic spot, fungi, geographical distribution, pathogenicity, phylogeny. 
 
6.2 Introduction 
The quality and shelf life of mango (Mangifera indica L.) is often affected by postharvest 
diseases such as stem end rot and anthracnose which develop after ripening during fruit 
storage (Swart et al. 2002). However, in recent years, dendritic spot has also become as a 
serious postharvest disease of mango in Australia (Cooke & Akem 2007). With dendritic spot, 
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dark-coloured small, irregular and branched spots appear on the skin of mature fruit and result 
in a reduction of marketable fruit by affecting appearance. The lesions remain restricted to the 
fruit skin and do not penetrate the pulp (Cooke & Akem 2007).  Different fungi have been 
isolated from mango fruit infected by dendritic spot including Colletotrichum gloeosporioides 
(Penz.) Penz & Sacc. in Penz., Neofusicoccum parvum (Pennycook & Samuels) Crous, 
Slippers and A.J.L. Phillips, Fusicoccum sp., Lasiodiplodia theobromae Pat. and Alternaria 
sp. (Coates et al. 2009). The fungus N. parvum, previously known as Dothiorella dominicana, 
is the most frequently isolated fungus associated with stem end rot collected from different 
mango growing regions in Australia. Lasiodiplodia theobromae has also been isolated from 
fruit collected from some areas such as Darwin and Katherine (Johnson 1991; Johnson 2008). 
It has been suggested that C. gloeosporioides and N. parvum are may be the major causal 
agents of dendritic spot in mango. Although, the role of other fungi including Alternaria sp. 
and L. theobromae, isolated from time to time from dendritic spot symptoms, cannot be 
neglected (Coates  et al. 2009). 
Little information is available about dendritic spot disease of mango (Johnson & Hofman 
2008), however it has been suggested that, the fungi which are responsible for anthracnose 
and stem end rot in mango are also involved in the occurrence of dendritic spot. As a range of 
fungi have been isolated from fruit infected with dendritic spot symptoms, no information is 
available to determine which fungus dominates in a particular mango growing area.  It is 
suggested by Cooke & Akem (2007) and Coates et al. (2009) that the fungi which cause 
anthracnose and stem end rot in mango are also responsible for the incidence of dendritic 
spot, but no work has been done on the molecular identification of the dendritic spot fungi and 
their phylogenetic relationship with stem end rot and anthracnose fungi.  
Therefore there is a need to determine if dendritic spot is caused by C. gloeosporioides or N. 
parvum which are also known to cause anthracnose and stem end rot respectively, or whether 
dendritic spot is caused by a complex of more than one of these species. To study the 
geographical distribution, pathogenicity and phylogenetic relationship of dendritic spot fungi, 
mango fruit with typical symptoms of dendritic spot and stem end rot from different mango 
growing regions of Australia were collected during market surveys.  
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6.3 Materials and methods 
6.3.1 Market surveys and sample collection 
Mango fruit infected with dendritic spot and stem end rot symptoms was collected from the 
Queensland Department of Agriculture, Fisheries and Forestry‟s Ayr Research Station during 
2011 and 2012 seasons. Surveys of Rocklea Wholesale Market, Brisbane, Australia were also 
conducted on seven occasions from October 2012 to February 2013. During the market 
surveys, mango fruit with visible symptoms of dendritic spot and stem end rot from two 
orchards from the Northern Territory, north Queensland and southeast Queensland were 
collected for fungal isolation. Some single spore fungal isolates were also obtained from a 
previous collection established by the Mango Pathology Team (Department of Agriculture 
and Fisheries) located at the Eco Sciences Precinct, Brisbane. A total of 31 isolates were 
selected for morphological and phylogenetic analyses on the basis of their geographical 
distribution and spore formation. All the isolates collected from the infected fruit were 
purified by single sporing. Of these, 11 isolates were of Colletotrichum spp., 13 were of 
Neofusicoccum spp. and eight isolates of C. gloeosporioides or C. acutatum. Isolates from a 
previous study carried out by Hayden, et al. 1994 were also included in the study. Isolate 
codes, species, location, collector and their DNA Data Bank Japan (DDBJ) accession numbers 
are described in Table 6.1. Isolates of Alternaria sp. and L. theobromae were used for 
pathogenicity determination, but were not included in the phylogenetic study as they were not 
frequently isolated from fruit collected from different locations. 
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Table 6.1: Isolate code, species, host, locality and DDBJ accession number of the isolates used for ITS and TEF sequencing 
Isolate code* Species Host Locality Collector                    DDBJ accession 
         ITS              ß – Tubulin 
BDS 3 N. parvum Mangifera indica Southeast 
Queensland 
A. Jabeen AB970953 AB 970983 
NTDS 6 N. parvum M. indica Northern Territory   A. Jabeen AB 970954 AB 970984 
NTDS 18 N. occulatum M. indica N. Territory   A. Jabeen AB 970955 AB 970985 
GQDS 1 N. parvum M. indica SE. Queensland A. Jabeen AB 970956 AB 970986 
BRIP 54745 N. occulatum M. indica N. Queensland T. Cooke AB 970957 AB 970987 
BRIP 56971  N. occulatum M. indica N. Queensland A. Jabeen AB 970959 AB 970989 
MSER 5 N. occulatum M. indica N. Queensland A. Jabeen AB 970960 AB 970990 
MSER 4  N. occulatum M. indica N. Queensland A. Jabeen AB 970961 AB 970991 
MSER 14 N. parvum M. indica N. Queensland A. Jabeen AB 970562 AB 970992 
MDS 1 N. batangarum M. indica N. Queensland A. Jabeen AB 970563 AB 970993 
NTSER 12 N. parvum M. indica N. Territory A. Jabeen AB 970564  AB 970994 
BRIP 56972 N. batangarum M. indica N. Queensland A. Jabeen AB 970565 AB 970995 
BRIP 56967  C. asianum M. indica N. Queensland A. Jabeen AB 970566 AB 970996 
ANN 5 C. siamense M. indica N. Queensland A. Jabeen AB 970567 AB 970997 
NTDS 8 C. siamense M. indica N. Territory A. Jabeen AB 970568 AB 970998 
NTDS 16 C. asianum M. indica N. Queensland A. Jabeen AB 970569  AB 970999 
NTDS 1 C. siamense M. indica N. Territory A. Jabeen AB 970970  AB 971000 
NTDS 15 C. asianum M. indica N. Queensland A. Jabeen AB 970971 AB 971001 
BRIP 51787 C. asianum M. indica SE. Queensland  J. R. Dean AB 970972  AB 971002 
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Isolate code* Species Host Locality Collector              DDBJ accession 
  ITS              ß – Tubulin 
BRIP 23972 C. acutatum Fragaria ananassa SE. Queensland  H. Hayden AB 970973 N/A 
NTDS 14 C. siamense M. indica N. Territory A. Jabeen AB 970974 AB 971004     
NTDS 12 C. siamense M. indica N. Territory A. Jabeen AB 970975 AB 971005 
BRIP 23937 C. gloeosporioides Litchi chinensis N. Queensland H. Hayden AB 970976 AB 971006 
BRIP 23971 C. acutatum F. ananassa SE. Queensland H. Hayden AB 970977 N/A 
BRIP 23977 C. gloeosporioides Carica papaya N. Queensland H. Hayden AB 970978 AB 971007 
BRIP 23975 C. acutatum Averroha carambola SE. Queensland H. Hayden AB 970979 N/A 
NTAN 19 C. siamense M. indica N. Territory A. Jabeen AB 970980 AB 971008 
BDS 11 C. gloeosporioides M. indica SE. Queensland A. Jabeen N/A AB 971003 
BRIP 23976 C. tropicale A. carambola SE. Queensland H. Hayden AB 970981 AB 971010 
BRIP 23978 C. tropicale Persea americana SE. Queensland H. Hayden AB 970982 AB 971011 
BRIP 23974 C. gloeosporioides                C. papaya SE. Queensland H. Hayden N/A                           AB971009 
*Isolates in Bold were used in the previous study by Hayden et al. 1994.  
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6.3.2 Fungal isolation, purification and morphological identification 
To obtain isolates from dendritic spot and stem end rot, infected fruit were first surface 
sterilized with 75% (v/v) ethanol. After air drying, a 5mm piece of fruit skin from the margin 
of the symptom was excised using a sterilized sharp scalpel and the tissue was placed onto ½ 
strength potato dextrose agar (PDA) amended with  streptomycin (Sigma 
®
, Streptomycin 
Sulfate salt) 0.08g/400ml – penicillin (Sigma ®, Penicillin G sodium salt) 0.12g/ 400ml 
(Waller 2002) in 90mm Petri plates. Four point isolations were performed per fruit. The 
plates were then incubated at 25±1
o
C under near UV light (black light) on a 12 hour 
illumination cycle.  
For each of the resultant fungal cultures, spores were removed and made into a suspension 
using sterilized water which was subsequently spread onto water agar (WA). Single 
germinating conidia were then transferred to streptomycin – penicillin amended ½ PDA for 
further growth with the objective of obtaining pure cultures. The morphological 
characteristics of the fungi were studied on the basis of colony colour, spore size and spore 
shape. The conidia of all isolates were measured by mounting a sample onto a glass slide 
using a cotton blue stain (33% lactic acid, 33% glycerol and 0.25% water soluble aniline 
blue); the slides were then examined at 400X magnification using a light microscope. The 
measurement scale in the eye piece was calibrated by using a stage micrometer. The length 
and width of 30 spores were measured to determine a mean spore measurement for each 
isolate. 
6.3.3 Pathogenicity tests 
6.3.3.1 Inoculum preparation 
Sporulation of N. parvum isolates was induced by scoring the plates with a sterilized sharp 
scalpel as done by Anderson (2011). After scoring, the plates were then wrapped with Para 
film and were incubated at 25±1
o
C under near UV light (black light) on a 12 hour 
illumination cycle for 7 – 10 days. Fruiting bodies appeared on the cut edges of PDA which 
were then excised in sterilized water to release the spores for making suspensions. For 
inoculum preparation, the plates of C. gloeosporioides and Alternaria sp. were flooded with 
sterilized distilled water and conidia were dislodged with a sterilized glass spreader. For N. 
parvum and L. theobromae, the fruiting bodies were dissected with a sharp scalpel in a Petri 
dish containing sterile distilled water in order to release conidia. The suspensions were 
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poured through four layers of sterilized muslin cloth and the concentration was adjusted to 
5x10
6
 conidia/ ml as assessed using a haemocytometer.  
During the 2011 season, the isolates BRIP54745, BRIP54746, BRIP51787, BRIP54365, 
BRIP54344, BRIP54364, BRIP54313 and BRIP54631 of N. parvum, C. gloeosporioides, 
Alternaria sp. and L. theobromae were used for inoculations. For the N. parvum isolate BRIP 
54746, mycelial plugs were used for inoculations as insufficient conidia were produced in 
culture. The isolate BRIP 54365 from tear stain symptoms was also tested for pathogenicity. 
In the 2012 season, a further eight isolates (BRIP56973, A2, BRIP56967, A1, C1, N4, L1 and 
BRIP56969) of C. gloeosporioides, N. parvum, L. theobromae and Alternaria sp. were tested 
for pathogenicity. The isolates were collected from dendritic spot and stem end rot symptoms 
from fruit collected from Ayr research station and during market surveys. Monoconidial 
isolates were grown on streptomycin – penicillin amended ½ PDA for 2 – 3 weeks at 25±1oC 
under near UV light on a 12h illumination cycle.  
6.3.3.2 Fruit inoculation on trees 
Fruit inoculations for pathogenicity determination were carried out during the 2011 and 2012 
seasons at the Queensland Department of Agriculture and Fisheries‟s Ayr Research Station. 
Kensington Pride (KP) mango was used for inoculations. Within the mango orchard, three 
trees were randomly selected, and in each tree, sixteen healthy looking fruit were inoculated 
(2 fruit per isolate). Before inoculation, the fruit were tagged with flagging tape and were 
surface sterilized with 95% ethanol (v/v). After air drying, the inoculation points were 
marked on the fruit with a marking pen.  One representative isolate of each of the four fungi 
was used, and for each isolate, six replicate fruit inoculations were conducted. A total of 48 
fruit were inoculated during each season. Fruit inoculations were carried out one week before 
harvest. 
The fruit were inoculated by using 5mm diameter paper discs dipped in spore suspensions of 
each of the desired isolates. The control inoculations were carried out on the same fruit using 
the same technique but dipping discs in sterilized distilled water. Millipore tape was used to 
hold the paper discs on the inoculation point. The fruit were covered with plastic bags 
containing moist cotton plugs to maintain humidity. The plastic bags were then covered with 
paper bags to avoid excess heat (Fig. 6.1). 
After 24 hours, the plastic bags and paper discs were carefully removed and the paper bags 
were retained. The fruit were harvested 48 hours after inoculation and transported to the 
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laboratory in cardboard boxes. They were kept at 22 ± 1
o
C to allow disease development to 
occur. Isolations were carried out (as previously described) from the resultant lesions to 
confirm Koch‟s postulates. 
 
 
 
 
 
 
 
Fig. 6.1: On tree fruit inoculation of mango (a): application of inoculum (b): inoculated fruit 
covered with a plastic bag containing water soaked cotton plug (c): fruit and plastic bag 
covered with a paper bag following inoculation. 
 
6.3.3.3 Inoculation on detached fruit 
Detached mature fruit were also inoculated with the isolates collected from dendritic spot 
symptoms with a camelhair brush and a spore suspension drop method. One isolate from each 
of the four fungi isolated from dendritic spot symptoms was used for the inoculation. During 
the 2011 season, BRIP51787, NP54745, BRIP54364 and BRIP54631 were used for 
inoculations. During the 2012 season, N4, C1, BRIP54631 and A2 were used for 
inoculations. Prior to inoculation, fruit were de-sapped and washed. Spore suspensions were 
prepared as described in section 6.3.3.1. For each isolate six replicate fruit were inoculated 
for each method of inoculation. Twelve fruit were inoculated with an isolate of each the four 
fungal species using both methods of inoculations each year.  
Following inoculation, the fruit were placed in plastic boxes lined with water soaked blotting 
paper. For the drop method of inoculation, three dots were made on the fruit surface with a 
marker pen. A 25 µl drop of spore suspension was applied below the marked point for 
inoculation without puncturing the fruit skin. For controls, fruit were inoculated with a 25 µl 
drop of sterile water. For the camelhair brush method of inoculation, a 10mm leaf - shaped 
b 
c 
a 
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area of the fruit surface was marked and the suspension was applied using a camelhair brush 
within the marked area. The fruit boxes were sealed with tape and were kept at 21
o
C. After 
24 hrs, the moist blotting papers were removed and the fruit were maintained in the boxes 
until symptoms expression developed, generally 10 days after inoculations. Lesion 
measurements were carried out daily for 19 days after inoculation. The lesion diameters were 
measured with the help of a 20 cm scale. 
6.3.3.4 Statistical analysis 
The data were analysed using the statistical analysis program Minitab version 16. Significant 
differences between the mean lesion diameters (mm) were determined by applying analysis 
of variance (ANOVA). The differences were considered significant if P <0.05 with a sample 
size n = 6. The grouping of different treatments was significant at 95% confidence interval 
determined by using Tukey method. 
6.3.4 Genomic DNA extraction 
The monoconidial isolates were sub cultured on streptomycin – penicillin amended ½ PDA 
for mycelial growth.  For each isolate, approximately 100mg of fungal mycelium was scraped 
from the surface of 7- day - old plates using a sterilized glass microscope slide and placed in 
1.5ml micro centrifuge tubes. Duplicate collections were made of each isolate. The mycelium 
was then stored at -80
o
C until DNA extraction. The genomic DNA was extracted and purified 
by using the Rapid Fungal DNA Isolation Kit (Biobasic Inc., Ontario, Canada) following the 
manufacturer‟s instructions. The purified DNA was suspended in 50µl of TE buffer (10mM 
Tris, 1MmEDTA, pH 7.4) and stored at 4
o
C before PCR amplification. The DNA was 
quantified as 100ng/ µl.  
6.3.5 PCR amplification and DNA sequencing 
For phylogenetic comparisons of the isolates, two gene regions were used, a part of Internal 
Transcribed Spacer (ITS) of the gDNA was amplified by using the primers ITS 1 (5‟-TCC 
GTA CGT GAA CCT GCG G – 3‟) and ITS4 (5‟ TCC TCC GCT TAT TGA TAT GC -3‟) 
(White et al. 1990) and a part of elongation factor 1α (TEF) was amplified by using primers 
EF1- 728F (5‟- CAT CGA GAA GTT CGA GAA GG -3‟) (Carbone & Kohn 1999) EF1 – 
1251R (5‟ – CCT CGA ACT CAC CAG TAC CG  -3‟) (Alves et al. 2008). These primer 
pairs were found in initial experiments to work in most isolates. 
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The DNA was amplified by performing Polymerase Chain Reaction (PCR) using a PCR 
Express thermal cycler (Hybrid, Ashford, Middlesex, UK). The 50µL PCR reaction mixture 
contained 2µl DNA template solution (approximately 100ng genomic DNA), 1µM each of 
primer, 5 µl of 5 × My Taq Red Reaction Buffer (5mM dNTPs, 15mM MgCl2) and 0.25U of 
My Taq DNA Polymerase (Bioline Pty. Ltd, Australia).  The PCR cycle consisted of an 
initial denaturation at 95
o
C for 3 min, followed by 35 cycles of 95
o
C for 15sec, annealing of 
55
o
C (ITS) or 52
o
C (TEF) for 15sec, 72
o
C for 30sec, with the final extension at 72
o
C for 6 
min. Then 20 µl of amplification reactions were run on a 1% w/v Agarose/TBE gel (Tris, 
boric acid, EDTA) containing SYBR® Safe DNA gel stain (Invitrogen) against a 100bp 
molecular ladder (Hyper Ladder IV, Bioline Pty Ltd, Australia) to estimate the product size. 
Gels were run in 1x TBE at 120V for 45min before visualizing the amplicons on a UV 
transilluminator and capturing a digital image. 
Amplicons were purified by following the procedure of Wizard
®
 SV Gen and PCR Clean up 
System Kit (Promega Corporation, Madison, WI, USA) and quantified using a BioSpec-nano 
spectrophotometer (Shimadzu Biotech).  Twenty - five microlitre at 50ng/µl samples were 
forwarded to Macrogen Inc. South Korea and sequenced using ITS4 primer for the ITS 
amplicons and EF1-1251R for the TEF amplicons. For both sets of nucleotide sequences, the 
nucleotide identity was determined by performing the BLAST searches of The National 
Centre for Biotechnology Information (NCBI). The accession numbers for all sequences used 
in this study have been obtained from DNA Data Bank of Japan (DDBJ). The sequences were 
trimmed manually at 5‟ and 3‟ using DNA Dragon version 1.6.0 (Sequentex).  
 
6.4 Sequence alignment and phylogenetic analysis 
Given that both the ITS and TEF amplicons were sequenced in the reverse direction (3‟ - 5‟). 
The sequences were first reversed and complimented using the Reverse Compliment program 
– (www.bioinformatics.org/sms/rev_comp.html). Multiple sequence alignment of both ITS 
and TEF sequences was carried out using Clustal Omega version 1.2.1 
(www.ebi.ac.uk/tools/msa/clustalo/). Where possible, alignments also included sequences 
downloaded from GenBank of holotype or ex-type isolates of other species either found in 
Queensland or recorded from mangoes. Alignments were downloaded as text files and 
manual adjustments were made if required. ITS sequences were trimmed to remove 3‟ end of 
the18S RNA gene (....GATCATT(T)A/) and the 5‟ end of the 28S RNA gene 
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(\TTGACCTCG...). Sequencing the TEF sequences with EF1- 1251R meant that 30 – 40 
bases were not readable so the 3‟ end of amplicons were trimmed to nucleotide 1250 and the 
5‟ ends were trimmed to nucleotide 900 relative to oligo EF1-728F. Phylogenetic analyses 
were done using PAUP v.4.0b10 (Swofford 2003).  
Maximum parsimony analyses were performed using 1000 random taxa addition with 
branches swapped using the tree bisection and reconnection (TBR) algorithm. The heuristic 
search option was used with unordered characters of equal weight and gaps treated as missing 
data. Maxtrees was set to 100 with automatic increase if needed and branches of 0 lengths 
were collapsed. All multiple equally parsimonious trees were saved. The following indices of 
fit of the characters to the trees were determined; CI (consistency index) calculated by 
dividing minimum amount of change that the character may show on any conceivable tree by 
s = length (number of steps) required by the characters on the tree being evaluated and RI 
(retention index) calculated from (g-s)/ (g-m) where g = maximum possible amount of 
change that a character could possibly require on any conceivable tree. The robustness of the 
most parsimonious trees was evaluated from a bootstrap analysis using 1000 replications. A 
consensus tree was derived using the majority rule algorithm and saved and viewed using 
TreeView (www.taxonomy.zoology.gla.ac.uk/rod/treeview.html) from which the image was 
saved as an enhanced metafile (.emf). 
 
6.5 Results 
 
6.5.1 Market surveys and sample collection 
Isolations were carried out from the fruit collected during the market survey and those 
collected from the Ayr research station to determine the geographical distribution and 
phylogenetic characteristics of different dendritic spot fungi. Three of the reported fungi N. 
parvum, C. gloeosporioides and Alternaria sp. were isolated from the fruit showing dendritic 
spot symptoms obtained from the targeted orchards from the Northern Territory, southeast 
and north Queensland. N. parvum was the most frequently isolated fungus from the dendritic 
spot symptoms in the fruit from different orchards of all the three mango growing regions. C. 
gloeosporioides was also isolated from dendritic spot symptoms from the fruit of the same 
orchards. Less frequently, the isolated fungus of dendritic spot was Alternaria sp.; in each 
case it was isolated only once from fruit from one specific orchard in the Northern Territory. 
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The fungus L. theobromae was not isolated from the dendritic spot symptoms in fruit 
collected during the market surveys, however one isolate was obtained from the Eco Sciences 
Precinct‟s (DAF) collection of dendritic spot. 
From the stem end rot symptoms, Neofusicoccum spp. were the most frequently isolated 
fungi from the fruit from all the selected orchards over the three growing regions. One isolate 
from the Ayr research station was identified as N. batangarum by molecular identification. 
The fungus L. theobromae was also isolated from the stem end rot symptoms on the fruit 
collected from North Queensland.  Details of the fungi isolated from the fruit collected from 
the orchards of different locations are described in Table 6.2. 
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Table 6.2: Location of fruit collection, orchard and fungi isolated from dendritic 
spot and stem end rot symptoms  
Location  Orchard Symptom  Isolated fungi 
Ayr research station 1 Stem end rot 
 
Dendritic spot 
N. parvum, N. batangarum, L. 
theobromae 
C. gloeosporioides,  N. parvum 
North Queensland 1 Stem end rot 
Dendritic spot 
N. parvum 
N. parvum, C. gloeosporioides 
2 Stem end rot 
Dendritic spot 
N. parvum 
N. parvum, C. gloeosporioides 
Southeast 
Queensland 
1 Stem end rot 
Dendritic spot 
N. parvum 
C. gloeosporioides, N. parvum, 
2 Stem end rot 
Dendritic spot 
N. parvum 
N. parvum 
Northern Territory 1 Stem end rot 
Dendritic spot 
N. parvum 
C. gloeosporioides, Alternaria sp., N. 
parvum 
2 Stem end rot 
Dendritic spot 
N. parvum 
C. gloeosporioides, N. parvum 
 
6.5.2 Morphological identification of the isolates 
The morphological characteristics of the isolates identified as of N. parvum were also studied. 
The fast growing colonies of N. parvum on streptomycin – penicillin amended ½ PDA were 
initially white in colour and turned olivaceous grey after one week with thick aerial 
mycelium. The pycnidia were formed in the colonies 2 – 3 weeks later. The conidia (12.2) 15 
– 19 (21) x 4 (5.2 - 7) (-8.1) µm and mean of length: width ratio 3:2 were hyaline, thin 
walled, aseptate, ellipsoid, subobtuse apex and truncate base. The morphological characters 
of the species were similar to as described by Sakalidis et al. (2011). 
The colonies of isolates identified as C. gloeosporioides were fast growing on streptomycin – 
penicillin amended ½ PDA with white mycelial growth initially and later produced 
concentric rings of bright orange coloured conidia. The conidia (12) 16.3 – 20 x 4.2 (6.3) 
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8µm and mean of length/width ratio 3.3 ± 0.7 were hyaline, cylindrical and obtuse at the 
apices.  
6.5.3 Pathogenicity tests 
The isolates BRIP 54745, BRIP 54746 and N4 of N. parvum, BRIP 51787, C1 of C. 
gloeosporioides, BRIP 54344, BRIP 54364, A2 and A1 of Alternaria sp., BRIP 54631 and 
BRIP 56967 of L. theobromae were initially collected from dendritic spot symptoms. The 
isolate BRIP 54365 of C. gloeosporioides was collected from tear stain symptoms on mango, 
BRIP 54313 and BRIP 56973 and BRIP 56969 of L. theobromae and BRIP 56973 of N. 
parvum were isolated from stem end rot symptoms. All the dendritic spot isolates 
successfully reproduced dendritic spot symptoms (Fig. 6.2a) when used in inoculations. The 
lesions started to develop on fruit 7 – 8 days after inoculation.  All the isolates collected from 
dendritic spot symptoms reproduced dendritic spot only also no isolate collected from stem 
end rot symptoms was able to produce dendritic spot symptom. A watery necrosis was 
observed on the inoculation point on the fruit inoculated with the isolates collected from the 
stem end rot symptoms (Fig. 6.2b). Isolations were carried out from the inoculated fruit and 
all the fungi used in each of the inoculations were successfully reisolated. 
 
 
 
 
 
 
 
Fig. 6.2: Symptom development on inoculated fruit (a): development of dendritic spot on 
fruit inoculated with C. gloeosporioides (b): a watery necrosis on fruit inoculated with stem 
end rot fungus (L. theobromae). 
6.5.3.1 Fruit inoculation on trees 
The results of the 2011 season inoculations on attached fruit within an orchard showed that, 
the isolate BRIP 54745 of N. parvum and BRIP 51787 of C. gloeosporioides resulted in 
significantly higher mean lesion diameter of dendritic spot symptoms (Fig. 6.3) as compared 
a b 
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to the isolates of other fungi. The BRIP54344 and BRIP54364 isolates of Alternaria sp. did 
not show any significant difference as the mean lesion diameter produced by both isolates 
was the same (Fig. 6.3). Although, BRIP54365 did not lead to the development of typical 
dendritic spot symptoms the mean lesion development was not significantly different from 
the mean lesion diameter of watery necrosis caused by the BRIP54313 isolate of L. 
theobromae. The mean lesion diameter caused by the BRIP 51631 isolate of L. theobromae 
and BRIP54746 isolate of N. parvum collected from the dendritic spot symptoms was 
significantly lower than the other isolates tested. For isolate BRIP54746 of N. parvum, 
mycelial plugs of were used for inoculations as the isolate did not produce enough conidia at 
the time of inoculum preparation; this isolate resulted in low levels of symptom development 
compared to the BRIP54745 of the same fungus (Fig. 6.3). The control inoculations did not 
produce any symptoms.  
 
Fig. 6.3: Mean lesion diameter (mm) on the fruit inoculated with the different isolates during 
2011 season. The means which share the same letters are not significantly different at P < 
0.05 with a sample size of n = 6. 
 
During the 2012 season, all isolates produced similar levels of disease development (Fig 6.4).  
The only significant difference observed was between fruit inoculated with isolate 
BRIP56973 of N. parvum which resulted in a greater lesion diameter than fruit inoculated 
with BRIP56969 (Fig. 6.4). No significant difference was observed in the mean lesion 
diameter produced by N4; the second isolate of N. parvum and the isolates of C. 
gloeosporioides, L. theobromae and Alternaria sp. The use of isolate BRIP56969 resulted in 
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significantly less lesion development as compared to the isolate BRIP56973. No symptoms 
were observed in the control fruit (Fig. 6.4). 
 
Fig. 6.4: Mean lesion diameter (mm) on the fruit inoculated with the different isolates during 
2012 season. The means which share the same letters are not significantly different at P< 0.05 
with a sample size of n = 6. 
 
6.5.3.2 Inoculations on detached fruit 
The inoculations carried out on mature detached fruit during 2011 season, resulted in 
significantly higher lesion diameter by the isolate BRIP51787 of C. gloeosporioides 
inoculated on the fruit by the camelhair brush method. The lesion diameter of this isolate was 
less on the fruit inoculated with the drop method but the differences between the two methods 
of inoculation were not significant (Fig. 6.5). The isolate BRIP54745 of the fungus N. 
parvum showed high lesion diameter when applied using the camelhair brush method and 
less lesion diameter was observed when applied by using the drop method of inoculation 
(Fig. 6.5). The detached fruit inoculated with different isolates was stored at 21±1
o
C for 15 
days until the fruit showed maximum lesion development at the point of inoculation. 
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Fig. 6.5: Mean lesion diameter (mm) on fruit inoculated with different isolates using the 
camelhair brush method and drop method of inoculation during 2011 season. The grey bars 
represent the mean lesion diameter on fruit inoculated with camelhair brush method and 
white bars represent the mean lesion diameter on fruit inoculated with drop method. Means 
which share the same letters are not significantly different at P < 0.05 with a sample size of n 
= 6. 
 
During the 2011 season, no significant difference was observed between the camelhair brush 
method of inoculation and drop method in case of Alternaria sp. and L. theobromae as (Fig. 
6.5). The control fruit did not produce any symptoms of dendritic spot at the inoculation point 
of either method of inoculation.   
A significantly higher mean lesion diameter was observed in the fruit inoculated with the N4 
isolate of N. parvum using the drop method of inoculation (Fig. 6.6). The mean lesion 
diameter of the isolate inoculated with camelhair brush was not significantly different from 
the mean lesion diameter of drop method (Fig. 6.6). A significantly lower mean lesion 
diameter was observed in the fruit inoculated with A2 isolate of Alternaria sp. (Fig. 6.6). No 
significant difference between the mean lesion diameters was observed in the fruit inoculated 
with C1 isolate of C. gloeosporioides, BRIP54631 isolate of L. theobromae and A1 isolate of 
Alternaria sp. by using drop method of inoculation. A significantly lower mean lesion 
diameter was observed in the fruit inoculated with A1 using the camelhair brush method of 
inoculation (Fig. 6.6).  
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Fig. 6.6: Mean lesion diameter (mm) on the fruit inoculated with the different isolates using 
the camelhair brush method and drop method of inoculation during 2012 season. The grey 
bars represent the mean lesion diameter on fruit inoculated with camelhair brush method and 
white bars represent the mean lesion diameter on fruit inoculated with drop method. Means 
which share the same letters are not significantly different at P < 0.05 with a sample size of n 
= 6. 
 
The control fruit inoculated either by camelhair brush method or the drop method did not 
develop any dendritic spot symptoms at the point of inoculation (Fig. 6.6). During the 2012 
season, both methods of inoculation were found to be effective in reproducing dendritic spot 
symptoms. Among all the isolates tested during the 2012 season, N4 was found most 
effective in reproducing dendritic spot symptoms when applied by the drop method.  
6.5.4 DNA sequence analysis 
The fragments of both N. parvum and C. gloeosporioides were amplified using PCR to obtain 
a ~ 400bp fragment of DNA for the ITS gene region and ~500bp fragment for EF - 1α gene 
region. The 5‟ and 3‟ ends of the data were trimmed in the aligned data sets to avoid any 
ambiguity. No significant differences were observed in the partition homogeneity tests of 
Neofusicoccum spp.  
For Neofusicoccum, the aligned dataset contained a total of 532 characters of ITS out of 
which 24 were parsimony informative and for the EF - 1α, 189 characters of which 11 were 
parsimony informative. The heuristic searches for ITS resulted in 144 most parsimonious 
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trees with consistency index (CI) = 0.87 and retention index (RI) = 0.61. The heuristic 
searches for EF - 1α resulted in 55 most parsimonious trees with CI = 0.90 and RI = 0.80.  
For Neofusicoccum, the resulting tree consisted of two main clades which were as associated 
with N. parvum and N. occulatum (Fig. 6.7) while BRIP56972 clustered most closely with N. 
batangarum. Both species were isolated from stem end rot and dendritic spot symptoms on 
the fruit collected from different growing regions. N. occulatum was mostly found in the 
isolates collected from dendritic spot and stem end rot symptoms on the fruit collected from 
north and southeast Queensland while only one isolate from the Northern Territory was 
identified as N. occulatum based on sequence similarity. Whereas, N. parvum was frequently 
found in the fruit with dendritic spot and stem end rot symptoms collected from the Northern 
Territory. No correlation was observed between the isolates of both C. gloeosporioides and 
N. parvum with different cultivars of mango as most of the isolates were collected from only 
KP cultivar. 
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Fig. 6.7: Maximum parsimony tree based on bootstrap analyses of ITS sequences from 
Neofusicoccum isolates from dendritic spot and stem end rot of mango. The isolates in bold 
were used in this study. The unbold isolates were obtained from NCBI database. The tree was 
rooted to Pseudofusicoccum kimberleyense and nodes with over 50% support are shown. 
 
The aligned dataset of Colletotrichum isolates consisted of 427 characters of ITS out of 
which 45 were parsimony informative. The heuristic searches for ITS resulted in 98500 most 
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parsimony informative trees with CI = 0.94 and RI = 0.95. Out of 461 characters of EF - 1α, 
77 were parsimony informative. The heuristic searches for EF - 1α resulted in 293 parsimony 
informative trees with CI = 0.91 and RI = 0.88.  The resulting trees of Colletotrichum 
consisted of different species such as C. gloeosporioides, C. acutatum, C. fructicola, C. 
asianum, C. Tropicale and C. siamense. The isolates which were collected from the 
anthracnose symptoms were mostly identified as C. gloeosporioides. Whereas, the isolates 
which were collected from dendritic spot symptoms from the orchards of different growing 
regions were identified as C. asianum, C. gloeosporioides and C. siamense. The isolates 
BRIP23972, BRIP23971, BRIP23975, BRIP23937 and BRIP23977 which were previously 
reported by Hayden et al. 1994 were identified as C. acutatum and C. gloeosporioides. 
The isolates BRIP23978 and BRIP23976 which were previously identified as C. 
gloeosporioides were subsequently identified as C. tropicale on the basis of ITS and EF - 1α 
gene region (Fig. 6.8). C. asianum was found dominating dendritic spot pathogens in the 
mango orchards of Northern Territory and southeast Queensland while C. siamense was 
found as the major cause of dendritic spot in the mango orchards of North Queensland and 
the Northern Territory. It was observed that in the orchards of the Northern Territory, both C. 
asianum and C. siamense are responsible for dendritic spot of mango.  
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Fig. 6.8: Maximum parsimony tree based on bootstrap analyses of ITS sequences from 
Colletotrichum isolates from dendritic spot and stem end rot of mango. The isolates in bold 
were in previous study used by Hayden et al. 1994. The isolates with (*) have been obtained 
from the NCBI database. The tree was rooted to C. falcatum and nodes with over 50% 
support are shown. 
 
6.6 Discussion 
A number of fungi have been isolated from dendritic spot symptoms from the fruit collected 
from mango growing areas across Queensland and the Northern Territory. The isolates of 
four fungi related to dendritic spot were collected during the market surveys and were studied 
to determine the geographical distribution, pathogenicity and morphological and phylogenetic 
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relationship. The fungal genera Neofusicoccum and Colletotrichum were the most frequently 
isolated pathogens from the dendritic spot symptoms. These two genera dominate 
geographically over other dendritic spot related fungi as they are also associated with the 
anthracnose and stem end rot of mango, and have been reported from all mango growing 
areas in Australia (Akem 2006; Johnson 2008; Coates et al. 2009). N. parvum is reported as a 
major stem end rot pathogen in Australia (Johnson et al. 1991; Johnson 1993). N. parvum is 
an endophytic fungus and is not only known as a cause of stem end rot but is also involved in 
dieback of many plants including Eucalyptus and Norfolk Island pine (Javier-Alva et al. 
2009; de Oliveira Costa et al. 2010; Golzar & Burgess 2011).  
One isolate of L. theobromae was isolated from the dendritic spot symptoms. This fungus has 
been reported as the major stem end rot pathogen of mango from other countries (Meah et al. 
1991; Johnson 1993; Johnson & Coates 1993; Crous et al. 2006). Johnson (2008) stated that, 
L. theobromae has been reported as a cause of stem end rot from Northern Territory, 
Australia. This fungus has been reported as an important pathogen of mango dieback and it 
was also found as a cause of decline in other plants such as grapevine (Khanzada et al. 2004; 
Burruano et al. 2008; JR et al. 2008; Mohali et al. 2009).  
The Alternaria sp. was isolated from the fruit collected from north and central Queensland. 
This fungus is known to cause a rot called Alternaria rot in mature mango under long storage 
(Johnson et al. 1990; Johnson 1991). Previous studies confirmed the association of these 
fungi with field and postharvest diseases of mango. The stem end rot fungi are endophytic in 
nature (Johnson et al. 1993) but the infection pathway of these fungi to cause dendritic spot 
in not known. 
From all the isolates of different fungi which were used for pathogenicity testing for two 
years in this study, two isolates of N. parvum BRIP54745 and BRIP56973 and one isolate of 
C. asianum BRIP51787 displayed the greatest potential to cause dendritic spot. The isolate 
BRIP51787 was originally isolated from the KP fruit collected from Brookfield, southeast 
Queensland showing dendritic spot symptoms. Other isolates of N. parvum also caused 
dendritic spot symptoms, but the mean lesion diameter was not significantly different from 
those of the isolates of other fungi. The N. parvum isolate BRIP54746 failed to produce 
enough conidia so the mycelial plugs were used for inoculations. This may be the reason that 
when this isolate was used, the resultant mean lesion diameter was smaller compared with 
144 
 
other isolates of the same species. It is assumed that, conidia are more effective at developing 
symptoms than mycelia. 
Present study discussed about pathogenicity of different stem end rot and dendritic spot 
pathogens producing specific symptoms. In this study no dendritic spot pathogen was found 
capable of producing stem end rot symptoms and vice versa. As major focus of the study was 
to determine the ability of different fungi causing dendritic spot, so only the sides of fruit 
were inoculated both in field and in lab with the isolates using different inoculation 
techniques. In order to check the ability of fungi reproducing stem end rot, cut pedicles of 
harvested fruit should be inoculated. Similarly, in field conditions, the vicinity of pedicle 
should be inoculated with the isolates. Stem end rot fungi particularly Neofusicoccum spp. are 
capable of causing discrete limited lesions both on skin and surface tissues as observed by 
Johnson (1993) where stem end rot pathogens were capable of producing restricted lesions on 
surface of unwounded fruit under lab conditions. However, in the present study, during the 
period of observation of inoculated fruit, development of extensive lesions which is typically 
found in stem end rot was not observed. 
In a study carried out on avocado in Australia, Coates et al. (1993a, 1993b) also found the 
emergence of restricted lesions when unharvested fruit were inoculated with higher inoculum 
(10
6
 spores/ ml) of C. gloeosporioides which indicated that high inoculum potential could 
improve extended invasion of pathogen in fruit. In – field tear stain infection on mango may 
also be the result of high inoculum flow. Anderson (2011) noticed appearance of restricted 
lesions on lychee caused by C. gloeosporioides isolated from different hosts. The fungi were 
capable of producing anthracnose lesions on their specific hosts but produced restricted 
lesions when inoculated on different hosts. There is a possibility that dendritic spot may be 
another symptom type caused by fungi which are capable of causing stem end rot and 
anthracnose in mango. 
The pathogenicity results showed that L. theobromae and Alternaria sp. also have potential to 
cause dendritic spot, but they were not frequently isolated from the fruit collected during the 
market surveys as shown in Table 6.2. It can be assumed that, these pathogens can cause 
dendritic spot under certain environmental and storage conditions which need to be studied. 
Anderson et al. (2013) found no morphological and Ap PCR genotype distinction among 
pepper spot and anthracnose isolates of lychee. Appearance of pepper spot on lychee was 
discussed as host response differently to the infection caused by same pathogen. Tree health, 
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nutrition and environmental factors could also play role in appearance of different symptoms 
caused by the same pathogen.  
The phylogenetic analysis of the ITS and EF - 1α sequences of both fungi indicated the 
involvement of different species of these fungi in the incidence of dendritic spot in mango. It 
was observed that, two species of Neofusicoccum were isolated from dendritic spot and stem 
end rot symptoms on the fruit collected from the orchards of different mango growing areas. 
N. occulatum dominates in the mango growing areas of north and southeast Queensland and 
causes stem end rot and dendritic spot in mature fruit, whereas N. parvum dominates in the 
mango orchards of the Northern Territory where it results in both diseases. Both species are 
equally capable of causing either dendritic spot or stem end rot and their involvement in the 
incidence of both diseases is clear from the study. It would be interesting to study the 
infection pathway of both species that can cause two different diseases at the same time.   
Similarly, an involvement of more than one species of Colletotrichum in the incidence of 
dendritic spot was observed. C. gloeosporioides is a well-known pathogen of mango 
anthracnose. The current study showed the involvement of other species of Colletotrichum in 
the incidence of dendritic spot in mango.   
There is a possibility that, dendritic spot is a group of small fruit spots of mango caused by a 
range of pathogens that are generally grouped together. Dendritic spot may define as a 
symptom type where a host is able to produce necrosis over small areas of fruit skin and 
surface flesh to limit pathogen invasion. Johnson (1993) was able to infect the unharvested, 
unwounded fruit inoculated with stem end rot pathogens and observed the formation of small 
limited lesions. But in case of wounded fruit, a more expanded colonization was observed 
which gave different symptoms than dendritic spot. 
The antifungal compounds present within the host and the natural defence system of the host 
can also help in restricting the pathogen colonization to fruit skin only. Presence of antifungal 
constitutive alk(en)ylresorcinols (5-n-heptadecenylresorcinol and 5-npentadecylresorcinol) in 
fruit peel can be helpful in increasing the host resistance against postharvest disease 
incidence like anthracnose. Hassan (2006) studied that, the presence of higher levels of 
constitutive alk(en)ylresorcinols in the peel of KP frit resulted in high resistance against 
postharvest incidence of anthracnose. A significantly lower incidence of anthracnose was also 
observed in the inoculated fruit which was not de-stemmed and de-sapped as compared to the 
fruit which was de-sapped and de-stemmed at the time of harvest. The avoiding of fruit de-
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sapping at the time of harvest also resulted in lower incidence of natural stem end rot 
infections. The retention of 2 – 3cm long stem and sap at the time of harvest can be helpful in 
maintaining the natural defence mechanism of the host fruit until ripening under storage and 
can be helpful in minimizing the postharvest incidence of anthracnose, stem end rot and 
dendritic spot. Johnson (2008) also reviewed use of hot water dip at 55
o
C or hot water dip 
with carbendazim at 52
o
C along with prochloraz sprays for improving efficacy of control of 
latent infections of stem end rot and anthracnose.   
A range of fungi have been isolated from the fruit collected from different mango growing 
areas across Australia showing dendritic spot symptoms. These fungi showed dominance in 
different geographical and environmental conditions. As more than one species of both 
Colletotrichum and Neofusicoccum were isolated from dendritic spot symptoms along with 
other fungi including L. theobromae and Alternaria sp., can be the possible reasons that 
would make the management of this disease difficult under storage conditions. The same 
situation was observed in different studies carried out on mango sudden death syndrome 
where more than one fungal species including Ceratocystis fimbriata and L. theobromae have 
been isolated from the infected mango tree causing a range of symptoms. The involvement of 
a complex of fungi in causing sudden death of mango makes the management of this disease 
difficult (Masood et al. 2010; Malik et al. 2009). 
However, there is a need of a detailed study about the infection pathway of different fungi for 
a clear understanding of the infection process of dendritic spot. A detailed study is also 
required to understand whether different fungal species complex of dendritic spot can be 
triggered to cause disease under different climatic conditions. 
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Chapter 7: Summary and General Discussion 
 
The aim of this study was to answer some of the basic questions about dendritic spot of 
mango. Until the time of this study very little information was available about dendritic spot, 
and there was no real understanding of the disease.  The disease seemed to be associated with 
the same fungal species that are responsible for anthracnose and stem end rot. There are also 
reports of other fungi occasionally being isolated from the dendritic spot lesions including 
Alternaria sp. and Lasiodiplodia theobromae. 
A detailed study was carried out on the biology of stem end rot of mango by Johnson (1993). 
The time of infection of dendritic spot, nature (endophytic) of its causal fungi and the role of 
environmental factors in its development have not been discussed in detail to date. To solve 
this mystery, two fruit bagging experiments were carried out on Kensington Pride and R2E2 
cultivars of mango (Chapter 3). The experiments were carried out during 2010 – 2012 
seasons at the Department of Agriculture and Fisheries, Ayr Research Station, Ayr, north 
Queensland. The mango fruit of these cultivars were bagged at different growth stages. The 
environmental conditions which favour the occurrence of stem end rot also favour the 
incidence of dendritic spot (Johnson 2008).  The fungus which is responsible for stem end rot 
is considered as a potential pathogen of dendritic spot. Stem end rot pathogens mainly act as 
endophytes (Johnson et al. 1992; Gosbee et al. 1998) and any change in the fruit external 
environment should have minimum effect on the pathogen‟s ability to cause infection. The 
effect of bagging was studied in both cultivars to determine any change in the incidence of 
stem end rot and dendritic spot when fruit was bagged at different growth stages. In 
Experiment 1, bags were placed over fruit at different stages of fruit development and they 
remained covered until harvest. While in Experiment 2, half of the fruit from each bagging 
treatment were un-bagged two weeks after bagging. The experiment was repeated over three 
growing seasons. Results of these experiments showed when fruit were bagged at the golf 
ball size they had very low minimum incidence of both dendritic spot and stem end rot. When 
fruit were bagged at later growth stages a higher incidence of both dendritic spot and stem 
end rot occurred (Chapter 3). 
In the 2010 season of experiment 1 (sec. 3.7, Chapter 3), rain (300mm) during the fruit 
growing season caused higher incidence of dendritic spot in all treatments of KP with almost 
97% incidence in the un-bagged fruit and fruit bagged at advanced growth stages and 54% in 
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fruit bagged at golf ball size stage. However the incidence of stem end rot was 10% in fruit 
bagged at golf ball size stage and 50% in un-bagged fruit. However, as the 2011 and 2012 
seasons were relatively dry seasons with only 50mm of rainfall, the disease pressure of 
dendritic spot remained 0 – 12% during 2011 and 2012 respectively in the fruit bagged at golf 
ball size stage and 30 – 65% respectively in the control fruit and stem end rot 15 and 5% 
during 2011 and 2012 respectively and 40% in control fruit under storage (Chapter 3). From 
this experiment, we concluded that, the mango cultivar R2E2 is comparatively more resistant 
to dendritic spot and stem end rot than KP cultivar. The adoption of fruit bagging from the 
golf ball size of growth stage may help reduce postharvest losses by these diseases. In the 
mango cultivar R2E2, bagging at early stages of fruit growth can reduce the postharvest 
disease incidence to a low level resulting in less fruit losses. Although the fruit of KP is more 
prone to postharvest diseases, bagging at early growth stages can significantly reduce 
dendritic spot and stem end rot.  
In case of incidence of anthracnose, Hassan (2006) found KP as the most resistant cultivar 
with highest levels of constitutive alk(en)ylresorcinols in peel followed by Keitt. However, 
R2E2 was noticed as the cultivar which is more susceptible to anthracnose. In the present 
study, R2E2 appeared as the resistant cultivar against postharvest incidence stem end rot and 
dendritic spot. The unsprayed fruit of both KP and R2E2 were used for baggings and it was 
observed that, R2E2 resulted in lower incidence of both diseases when it was bagged at golf 
ball size of fruit growth stage. There is a chance that the amount of constitutive 
alk(en)ylresorcinols in fruit peel which is insufficient to suppress the postharvest incidence of 
anthracnose may be enough to minimize the postharvest infection of stem end rot and 
dendritic spot. There is also a possibility that, the host fruit defence which is not strong in 
R2E2 against anthracnose pathogen has a potential to minimize the activity of stem end rot 
and dendritic spot pathogens resulted in lower incidence of these diseases. 
The two years results of Experiment 2 showed that, KP fruit bagged from golf ball size to 
harvest had a lower incidence of both dendritic spot and stem end rot during 2011 season. 
But, fruit bagged for only two weeks at golf ball size showed almost equal incidence of 
dendritic spot to the un-bagged fruit (Chapter 3). During the 2012 season, significantly lower 
incidence of dendritic spot was observed in the fruit bagged at golf ball size stage and then a 
progressive increase in incidence was observed in the later growth fruit stages. In the 2012 
season, the fruit bagged at golf ball size and early maturity stages did not produce any 
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symptoms of stem end rot however, the un-bagged fruit of these baggings showed some level 
of stem end rot incidence (Chapter 3).  
We concluded from the results of bagging experiment 1 and 2 that dendritic spot pathogens 
start colonizing the fruit at the golf ball size. The possible time of infection of dendritic spot 
could be a time when the fruit is of golf ball size. The fruit bagging at the golf ball size is 
effective in minimizing the incidence of dendritic spot to a low level. The fruit bagging at the 
golf ball size stage results in relatively low incidence of dendritic spot also during wet growth 
season. To better understanding, the role of environmental factors on dendritic spot, 
temperature, rainfall and relative humidity were recorded. However, because data from only 
four baggings was available it was not possible to determine any correlation between the 
disease incidence and the environmental data. But the wetter season of 2010 resulted in 
higher incidence as compared to the drier seasons of 2011 and 2012. Although, stem end rot 
pathogens behave mostly as endophytes, the influence of soil or airborne inoculum cannot be 
neglected (Johnson 2008). 
Johnson et al. (1993) determined the endophytic nature of stem end rot pathogens. The study 
of infection pathway of the pathogen to cause dendritic spot is also important for complete 
understanding of the disease cycle. In spite of the endophytic nature of the stem end rot 
pathogens, fruit bagging was found effective in minimizing the postharvest incidence of stem 
end rot. From the results of bagging experiments, we postulate that, the change in the 
microclimate surrounding the fruit inside the paper bags may have affected the ability of the 
pathogen to develop stem end rot. The dendritic spot pathogens may also be endophytic in 
nature as the fruit bagged at the golf ball size resulted in the incidence of dendritic spot but 
the airborne nature of the pathogen cannot be neglected as a limited invasion of fruit surface 
tissue was observed when the healthy unwounded fruit were inoculated with the stem end rot 
pathogens (Gosbee et al. 1998; Johnson 2008).  
It was assumed from previous studies that the fungal species which cause stem end rot and 
anthracnose are also responsible for the incidence of dendritic spot. But, the pathogenicity 
tests carried out during this study determined that the pathogens isolated from dendritic spot 
symptoms only reproduced the same disease and no symptom of stem end rot was observed. 
The phylogenetic study of dendritic spot pathogens revealed the involvement of more than 
one species of each fungal genera in causing dendritic spot. So, this is now more important to 
study the infection pathway of these fungi to cause dendritic spot. 
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Anthracnose and stem end rot are major postharvest problems of Pakistani mango industry 
and a major cause of high postharvest fruit losses. Poor field management practices by the 
mango growers of Pakistan contribute to these disease levels. The importance of field 
management practices in minimizing postharvest disease losses cannot be neglected. The 
incidence of anthracnose can be reduced by adopting appropriate cultural practices and 
chemical control (Arauz 2000). By keeping in view the importance of field management 
practices, the Agriculture Sector Linkages Program (ASLP) has established demonstration 
blocks with improved field management within orchards practicing conventional 
management practices to study the effect of improved management practices on the incidence 
of postharvest diseases. Orchards in the districts of Rahim Yar Khan, Multan and Khanewal 
were targeted.  Fruit of the Chaunsa cultivar were collected from improved and conventional 
practice blocks from two orchards in each districts. Fruit collected from the improved 
practices block showed relatively low incidence of both anthracnose and stem end rot as 
compared to the fruit collected from the conventional blocks. In general, the overall incidence 
of anthracnose was lower than the stem end rot (Chapter 4). As the improved practice blocks 
were only established one year before the experiment, although the incidence of both stem 
end rot and anthracnose was slightly lower in the fruit collected from improved practices 
blocks but when the incidence of these diseases in improved practices blocks was compared 
with the incidence in the fruit collected from the farmers‟ block, no significant difference 
could be observed. We concluded that the long term use of improved management practices 
may result in the low postharvest incidence of these diseases (Chapter 4). 
At present, there is no report of any occurrence of dendritic spot in Pakistani mangoes. The 
major postharvest disease problems in Pakistan are anthracnose and stem end rot. The 
possible reasons for non-prevalence of dendritic spot can be geographical and environmental 
conditions of mango orchards in Pakistan. Mango growing areas in Pakistan receive very low 
rainfall throughout the year and particularly low during the fruit growth period along with the 
high temperatures. Similarly, most of the orchards do not apply regular field fungicide sprays. 
As it was observed during the bagging experiments of 2010 season in Australia that wet 
weather conditions resulted in higher incidence of dendritic spot. So there can be a possibility 
that, long durations of dry weather conditions and high temperatures during the fruit growth 
period are not favourable conditions for dendritic spot pathogens to colonize the fruit and 
develop postharvest infections.   
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Postharvest hot fungicide dips and exogenous ethylene exposure of mature fruit is a common 
practice used by mango growers in Queensland. A hot fungicide dip with fludioxonil was 
found to be very effective in minimizing the postharvest incidence of stem end rot and 
anthracnose in mango (Swart et al. 2002; Almada-Ruiz et al. 2003; Akem et al. 2010). On the 
other hand, exogenous gas application on mature fruit gives a uniform colour on ripening. 
The practice also helps in early fruit ripening by reducing the ripening duration and therefore 
resulting in early fruit marketability. Previous studies on the effect of ethylene application on 
different crops on the incidence of postharvest diseases showed a mixed reaction to the 
treatment. In some cases for instance, in citrus and cucumber the use of exogenous ethylene 
resulted in a higher incidence of stem end rot and anthracnose respectively (Biles et al. 1990; 
Eldon Brown & Lee 1993). Whereas, in other fruit crops such as peaches exogenous ethylene 
application resulted in lower disease incidence (Liu et al. 2005). 
A higher incidence of dendritic spot and stem end rot was observed in mango fruit treated 
with exogenous ethylene alone during the wet season of 2010 whereas a lower incidence of 
both dendritic spot and stem end rot was observed in the fruit treated with exogenous 
ethylene alone during the dry season of 2012.    
It was interesting to see the effects of these treatments on postharvest dendritic spot and stem 
end rot incidence when these treatments were applied on mature fruit individually or in 
combination with each other (Chapter 5). The results showed that during the 2010 season, 
which was the wet season, the application of exogenous ethylene alone resulted in early 
ripening and symptoms of both dendritic spot and stem end rot. The control fruit was not ripe 
and did not develop any disease symptoms at the time of first emergence of symptoms in 
ethylene treated fruit. The fruit which was treated with hot fungicide dip followed by 
exogenous ethylene was also unripe and did not produce any symptoms (Chapter 5). The 
incidence of dendritic spot remained higher in ethylene treated fruit until the control fruit 
became mature and showed similar incidence as that of ethylene treated fruit. The lowest 
incidence was recorded in the fruit treated with hot fungicide dip alone (Chapter 5). Similar 
observations were recorded for the incidence of stem end rot where the fruit treated with 
exogenous ethylene alone resulted in higher incidence while the fruit treated with hot 
fungicide dip resulted in lower incidence.  
During the 2012 season, which was relatively dry season, zero to very low incidence of 
dendritic spot and stem end rot was observed in the fruit treated with hot fungicide dip alone 
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and hot fungicide dip followed by the exogenous ethylene gassing. Whereas, the fruit treated 
with exogenous ethylene developed lower incidence than the control fruit. From the results, 
the hot fungicide dip and hot fungicide dip followed by the exogenous ethylene gassing were 
determined to be the most effective postharvest fruit treatments as both treatments effectively 
minimized the postharvest incidence of dendritic spot and stem end rot. While exogenous 
ethylene gassing alone was found to be the least effective treatment in minimizing the 
postharvest disease incidence (Chapter 5). 
Uniform colour and ripening of fruit and quick marketability are a few benefits which the 
growers obtain by applying exogenous ethylene alone on mature fruit. But this helpful 
practice can turn into an unhappy situation in case of long fruit storage before marketing or 
where there is any sudden change in temperature during storage and fruit transportation to the 
market. It is therefore recommended that fludioxonil may reduce the risk of early postharvest 
emergence of diseases but ethylene should only be applied once the fruit reach at their 
destination in order to avoid any fruit losses due to postharvest spoilage. 
Pathogenicity, geographical distribution and phylogeny of both dendritic spot and stem end 
rot pathogens were also studied. The purpose of this study was to determine whether the same 
specie is responsible for causing two different diseases or there is an involvement of more 
than one species to cause dendritic spot. Some interesting results were obtained. It was 
observed that, isolates collected from dendritic spot symptoms reproduced the same disease 
but no cross infection was observed. None of the dendritic spot isolate either reproduced stem 
end rot or anthracnose (Chapter 6). These isolates were then used for phylogenetic study and 
the results of this study revealed the involvement of more than one species of both 
Colletotrichum and Neofusicoccum in causing dendritic spot of mango. The ITS and EF - 1α 
regions determined all Neofusicoccum isolates as N. parvum and N. occulatum. While all 
Colletotrichum isolates were determined as C. gloeosporioides, C. asianum and C. siamense. 
It was also determined that, all the Colletotrichum and Neofusicoccum spp. are 
geographically more dominant in Northern Territory and North and Southeast Queensland as 
compared to the other dendritic spot fungi including Lasiodiplodia theobromae and 
Alternaria sp. We concluded from the results that specie complex of both Colletotrichum and 
Neofusicoccum could be the possible cause of dendritic spot while other fungi isolated from 
the symptoms can be opportunistic pathogens which can cause the disease whenever they 
find conducive environment (Chapter 6). 
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Johnson (1993) studied isolate predominance of stem end rot pathogen in Northern Territory 
and Queensland mango fruit. It was observed that, Dothiorella „long‟ was predominant in 
hotter regions like Northern Territory than N. parvum as it was more heat tolerant than N. 
parvum. In Queensland mango, N. parvum was dominant. For future studies, it would be 
useful if pathogenicity studies of dendritic spot pathogens would be carried out under a range 
of temperature regimes of mango growing areas to compare comparative infectivity of 
different species. 
This study answered some of the questions related to the dendritic spot disease of mango. For 
future research about dendritic spot, more detailed study on the role of environmental factors, 
fruit location and position on the tree canopy and orchard location is needed. There is also a 
need to consider the air or waterborne nature of the dendritic spot pathogens. Extensive 
isolations are needed to be carried out from not only mature healthy and asymptomatic fruit 
but also from other growth stages to determine the presence of dendritic spot pathogens. As 
the involvement of more than one fungal species in causing dendritic spot was determined 
during the present research, histopathological studies are also required to understand the 
infection pathway of dendritic spot pathogens.   
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